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t INTRODUCTION 

This report presents the results of a six-week effort 
undertaken by ARINC Research Corporation in response to a 
request by Mr. H. Hill, R-QUAL-R. 
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Five appendices are submitted herein for use by the speci- 
fication writer and others who may be concerned with the problems 
associated with reliability requirements. Appendix A is a 
proposed "re-write" of the reliability sections of document MSFC- 
PROC-239 of 15 June 1963 entitled "Technical Writing Guide 
(Specifications)". Appendix B contains explanatory material. on 
the reliability program elements. Due to time limitations within 
the initial six-week study, Appendices A and B are incomplete. 
Recommendations for expanding Appendices A and B to provide 
coverage of the reliability program elements in greater detail 
are presented. 

Additional Appendices (C, D and E) present specialized infor- 
mation relating to reliability requirements in procurement speci- 
fications. ' 

CONCLUSIONS 

The following conclusions were reached during this task: 

1. No overall or unified set of NASA standards exists' 
which may be used as reference sources for the 
specification writer. This lack of standardized 
reference material includes reliability program 
elements such as math modeling, failure mode and 
effects analysis and failure rate data. 

2. An effective procurement specification can be written 
only if the specification writer has a set of rules 
for determining the extent to which each of the 
reliability program elements will be implemented. 
With the exception of the $1,000,000 "break point" 
for system procurement1 mentioned in Implementation 
Circular 293, no other specific NASA or MSFC rules 
were encountered during the current ARINC Research 
study. 
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tion of Reliability Requirements into NASA Procurements". 

The level at which reliability program requirements are to be 
placed on contractors has been redefined to include system 
procurements which are estimated to cost in excess of $1,000,000. 
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.3. 

4. 

Some con t rac to r s  a r e  inc lud ing  more s e c t i o n s  on 
r e l i a b i l i t y  requirements i n  t h e i r  s p e c i f i c a t i o n s  
today than MSFC. 

The r o l e  of the R e l i a b i l i t y  Assurance personnel  must 
become i n c r e a s i n g l y  more respons ib le  i n  the a r e a  or' 
procurement s p e c i f i c a t i o n s .  For example, Implementation 
C i rcu la r  No. 293 s t a t e s  tha t  " o r i g i n a t o r s  of procurement 
r eques t s  w i l l  consul t  as e a r l y  as p o s s i b l e  with appro- 
p r ia te  r e l i a b i l i t y  assurance personnel to determine t h e  
e x t e n t  of a p p l i c a b i l i t y  of NASA R e l i a b i l i t y  Publ ica t ion  
250-s i .  

RECOMMENDATIONS 

The 

1. 

2. 

3.  

4. 

fol lowing recommendations are o f fe red  f o r  cons idera t ion :  

Modify Appendices A and B t o  r e f l e c t  a coordinated 
center-wide se t  of r e l i a b i l i t y  requirements.  

Establish dec i s ion  ru l e s  and c r i t e r i a  for i nc lud ing  
r e l i a b i l i t y  program elements i n  procurement s p e c i f i -  
ca t ions .  Rules should be based on cons idera t ions  
such as c o s t ,  c r i t i c a l i t y  of the hardware cu r ren t  
s ta te  of the  a r t  and f u n c t i o n a l  l e v e l  of the hardware, 
i .e . ,  component, subsystem. 

Prepare a l i s t  of s tandard r e fe rence  s p e c i f i c a t i o n s ,  
manuals, and d i r e c t i v e s  which each l a b o r a t o r y  a t  MSFC 
would use dur ing  s p e c i f i c a t i o n  writing. '  

1st would be s imi la r  t o  t h e  l i s t  presented i n  Appendix 
C and would inc lude  a p r a c t i c a l  summary of each 
document t o g e t h e r  with a n o t a t i o n  d e s c r i b i n g  i t s  a p p l i -  
c a t i o n  a t  MSFC. 

The r e fe rence  

Develop flow c h a r t s  which d e p i c t  the  s p e c i f i c a t i o n  
p repa ra t ion  process  and t h e  s p e c i f i c a t i o n  approval 
process  with re ference  t o  the l e v e l  of r e s p o n s i b i l i t y  
ass igned t o  the  var ious r e l i a b i l i t y  engineer ing  
func t ions  ( p a r t i c u l a r l y  wi th in  the R e l i a b i l i t y  Assurance 
Div is ion) .  

STUDY APPROACH 

A meeting was held a t  R-QUAL-R on 31 January 1964 f o r  the 
purpose of d i s c u s s i n g  two a l t e r n a t i v e  approaches which were devel- 
oped by ARINC i n  response to the task o f  p repar ing  a w r i t i n g  guide 
f o r  r e l i a b i l i t y  requirements under Task 294-06 of Contract NAS8-11087. 
Attendees were: H. H i l l  (R-QUAL-R), E. J e t t n e r  and R. Braland of 
ARINC . 
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The major difference between the two approaches presented 
by ARINC was the depth of coverage which was programmed; one 
approach was scheduled as a six-week effort in contrast to a 
twenty-week effort for the more inclusive task. 

The ear ly promulgation of a guic?e f o r  d e f i n i n g  the relia- 
bility requirements to be included in specifications was 
considered by R-QUAL-R to be all important. This decision was 
based on the need to increase the awareness of reliability at 
MSFC and thereby directly influence the inclusion and coverage 
of reliability requirements in MSFC specifications. In accord 
with this short term task was initiated and ARINC Research began 
its study on 3 February 1964. 

ARINC Research Corporation representatives who function in 
the capacity of NASA consultants at Michoud (Boeing) and at 
NAA S & I D  were contacted and provided the following sample speci- 
fications for review: 

S&ID Documents Reviewed 

1. Spec MC452-0026A "Switches, Power Transfer, Motorized" 
2. Spec #MC284-0030A "Valve, Vent - Liquid Propellant Tank'' 
3. Spec #MC456-0004A "Timer, Solid State, Bi- Closure, 100- 

4. Spec #MC456-0007A "Telemetry Multiplexer" 
5. Spec #MC273-0031A "Coupling, Quick Disconnect, Hydraulic!' 
6. Spec #MCggg-O003B "Documentation Requirements for Saturn 

Millisecond t o  5 - Second!' 

S-I1 Suppliers" 

Boeing Documents Reviewed 

1. Dwg. #6OB51441 
and Associated 

2. Dwg. #%OB51004 
GOX" 

3. Dwg. #60B51404 
4. Dwg. #60B83002 
5. Dwg. #60~43002 
6. Dwg. #6OBOOOlO 

"Valve Assembly, GOX Flow Control Valve 
Tank Pressure Simulator" 
"Duct Assemblies - Tunnel to Distributor, 
"Line Assembly - Inboard Engine, GOX" 
"Gimbal Duct Assemblies, Engine Mounted" 
"Valve Assembly, Fuel Fill and Drain'' 
"General Requirements for Suppliers" 

@....--.. i n a o  rtn uG V F i i  i . i u A - u  specLf'icatloiis iiei:e GbtZii i tXi  .i 'rorri Lire Tec'nnicai 
Documentation Section at MSFC and Mr. Hill provided a preliminary 
draft of the "Specification for Radio Frequency Power Amplifier 
50M60034" of 20 December 1963. 
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On 6 February 1964 a meeting was held a t  P&VE w i t h  personnel 
of the Engineering Procedures Sec t ion  (Messrs. G. Thrower, 
R.  Smith, and J. Enoch). The purpose of t h i s  meeting was t o  
o b t a i n  information pe r t a in ing  t o  the format used f o r  t h e  wr i t i ng  
and e d i t i n g  of MSFC s p e c i f i c a t i o n s .  The r e s p o n s i b i l i t i e s  o f  the 
des igne r s  and the Engineering Procedures Sec t ion  were d iscussed .  
It was revealed that  ( i n  genera l )  t h e  r e s p o n s i b i l i t i e s  a r e  
separated t o  the ex ten t  t h a t  the  des igner  provides the requi re -  
ments and the t echn ica l  w r i t e r  p re sen t s  t h e s e  requirements i n  t h e  
c o r r e c t  format. The format guides which a r e  used are MSFC-PROC- 
239 and DOD M-205.3 

0 

It was emphasized tha t :  

1, The t e c h n i c a l  w r i t i n g  guide P'ISFC-PROC-239 was released 
by t h e  Engineering Procedures Sec t ion  and any r e v i s i o n  
o r  supplement t o  t h i s  document would be accomplished 
by the  same s e c t i o n .  

2. Any s p e c i f i c a t i o n s  which a r e  w r i t t e n  a t  MSFC must be 
approved by the Engineering Procedures Sec t ion  t o  
r ece ive  o f f i c i a l  s t a t u s .  

I n  a d d i t i o n  t o  t h e  above survey, a l i t e r a t u r e  sea rch  was 
requested a t  the  DDC (Defense Documentation Center)  f o r  the  
key words " r e l i a b i l i t y  s p e c i f i c a t i o n s " ;  one document re ference  
was produced. An independent check a t  t h e  Redstone S c i e n t i f i c  
Information Center (Documentation S e c t i o n )  produced a set  of 
35 references  inc luding  a previous ly  published A R I N C  Research 
Corporation r e p o r t .  A l l  35 re ferences  were of gene ra l  i n t e r e s t  
only.  

0 

The published material- and sample s p e c i f i c a t i o n s  were 
reviewed i n  o rde r  t o  determine how r e l i a b i l i t y  requirements are 
c u r r e n t l y  being s p e c i f i e d  and t o  determine i f  a s tandard  method 
of s p e c i f i c a t i o n  i s  being used. The r e s u l t s  of t h i s  s t u d y  and 
a n a l y s i s  are presented as Appendices C,  D and E. Appendix C 
i s  a l i s t  of s p e c i f i c a t i o n s  which was prepared as r e fe rence  
m a t e r i a l  f o r  t h e '  s p e c i f i c a t i o n  writer. Appendix D i l l u s t r a t e s  
how r e l i a b i l i t y  requirements are c u r r e n t l y  being placed 
wi th in  procurement s p e c i f i c a t i o n s  with r e spec t  t o  s e c t i o n  and 
paragraph loca t ion .  Appendix E l i s t s  detai led r e l i a b i l i t y  
requirement s ta tements  which were noted dur ing  t h i s  s tudy.  

3. Manual M-205, "Mil i tary Outline of Form and I n s t r u c t i o n s  f o r  
the Prepara t ion  of Spec i f i ca t ions" ,  da ted  9 A p r i l  1958 i s  
cance l led  and superseded by Defense S tanda rd iza t ion  Manual 
M 200A, Notice 1, of 3 September 1962. 

4 



The following de f i c i enc ie s  were noted f o r  the s p e c i f i c a t i o n s  
which were reviewed: 

0 
1. MSFC procurement s p e c i f i c a t i o n s  r e f l e c t  the l ack  of 

gu ide l ines  i n  MSFC-PROC-239 t o  t h e  ex ten t  of being 
almost devoid of reliability recp i remen ts  . 

2. No s tandard format for spec i fy ing  r e l i a b i l i t y  i s  being 
followed. 

3 .  The l o c a t i o n  of r e l i a b i l i t y  requirements wi th in  spec i -  
f i c a t i o n s  w r i t t e n  by d i f f e r e n t  o r i g i n a t o r s  shows wide 
v a r i a t i o n .  

The p repa ra t ion  of t h e  mater ia l  f o r  the w r i t i n g  guide 
supplement was undertaken f rom the  viewpoint of e l imina t ing  
the d e f i c i e n c i e s  which a r e  noted above. 

5 



APPENDIX A 

RELIABILITY SUPPLEPENT TO MSFC-PROC-239 

I 1  This  appendix p r e s e n t s  a proposed rewr i te ' '  of 
r e l i a b i l i t y -  p o r t i o n  of MSFC-PROC-239 t o  provide mor 

the  
e x t  

and uniform coverage o f  r e l i a b i l i t y  p rov i s ions  i n  MSFC 
ns ive  

s p e c i f i c a t i o n s .  The following elements of a r e l i a b i l i t y  pro- 
not  included : gram a r e  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Program Management 

Design Spec i f i ca t ions  

Human Engineering and Main ta inab i l i t y  

S tandard iza t ion  of Design P r a c t i c e  

P a r t s  and Mater ia l s  Program 

R e l i a b i l i t y  Evaluation 

Documentation of R e l i a b i l i t y  Program 

The - 
t h e i r  l o c a t i o k  i n  MSFC-PROCl239. 

garamaphs and examples are numbered t o  correspond t o  

3.4.4.5.1 

3.4.4.5.1.1 

Re l i  ab i  lits 

Requirements f o r  r e l i a b i l i t y  s h a l l  be s t a t e d  
under t h i s  heading. 'me eiements of a 
r e l i a b i l i t y  program are presented i n  NASA 
R e l i a b i l i t y  Pub1 i c  a t  ion  NPC 250- 1 , " R e l i  a b i l i t y  
Program Provis ions for Space System Contractors .  
The i n t e g r a t i o n  of r e l i a b i l i t y  requirements i n t o  
procurement i s  d iscussed  i n  NASA C i r c u l a r  No. 293 
of 3 September 1963. 

-. 

1' 

R e l i a b i l i t y  S t  a t  ement 

The requi red  r e l i a b i l i t y  o r  r e l i a b i l i t y  goa l  of 
the  equipment sha l l  be s t a t e d  under t h i s  heading 
i n  terms of p r o b a b i l i t y  of success  o r  mean time 
t o  f a i l u r e .  The r equ i r ed  func t ion ,  environment, 
l e n g t h  and/or number of  cyc le s  of ope ra t ion  and 
'p clnne-tf-fr * - -- - - +imo - --.-- nf q e r 2 t . i n n  s h R l 2  he snecif ied,  
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Example: The r e l i a b i l i t y  goal of t h e  
R. F. power a m p l i f i e r  s h a l l  be 0.9999 
which s p e c i f i e s  t he  p r o b a b i l i t y  of 
ope ra t ing  success fu l ly  f o r  10 minutes 
wi th in  t h e  e n v i r o n i e n t a l  and performance 

requirements of  Sec t ion  3. 
parzTleters specif iec!  i n  t h e  dcsig:: 

The func t ion  of t h e  a m p l i f i e r  i s  t o  
amplify an R .  F. s igna l ,  wi th in  t h e  
s p e c i f i e d  to l e rances ,  during the pre- 
launch and boost phase of t h e  s-I 
s t  age. 

3.4.4.5.1.2 F a i l u r e  Mode and Effec t  Analysis and C r i t i c a l i t y  
hanking 

The requirements f o r  a f a i l u r e  mode and e f f e c t s  
a n a l y s i s  and a c r i t i c a l i t y  ranking sha l l  be 
s t a t e d  under t h t s  heabrii?g. A s tandardized 
approach sha l l  b e  speczi'ied for a l l  system, 
subsystem, and component con t r ac to r s .  The 
scope of t h e  analysis, documentation r equ i r e -  
ments, and format s h a l l  be s p e c i f i e d .  (For  
additlonal inf'ormat ion,  see IvITP- P&VE-E- 62-2* of 
4 January 1962. ) 

Example: A f a i l u r e  mode, e f f e c t  and 
c r i t i c a l i t y  a n a l y s i s  sha l l  be conducted 
on t h e  R.  F. power ampl i f i e r .  The 
a n a l y s i s  s h a l l  be scheduled and performed 
during t h e  e a r l y  design phase and s h a l l  
be used t o  i d e n t i f y  a l l  f a i l u r e  modes and 
t h e  e f f e c t  of each f a i l u r e  mode on t h e  
successfu l  ope ra t ion  of the R. F. power 
amplifier.  

The ana lys i s  shal l  c o n s i s t  of two par ts :  
t h e  f a i l u r e  mode and e f f e c t s  a n a l y s i s  
which i d e n t i f i e s  the  c r i t i c a l  parts and 
t h e  c r i t i c a l i t y  a n a l y s i s  which ranks the  
c r i t i c a l  p a r t s .  

The r e s u l t s  of the f a i l u r e  mode, e f f e c t  
and c r i t i c a l i t y  a n a l y s i s  sha l l  be 
documented. and shal l  be a v a i l a b l e  f o r  
MSFC review. The fol lowing elements slial-i lit. cGi-Ls~$ei2e& ~ L s  af yie 
f a i l u r e  mode, e f f e c t  and c r i t i c a l i t y  
ranking f o r m a t  : 

~~ 

*An updated version, l O M 3 O l l l ,  i s  i n  the process  
of MSFC approval. 
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Item 

3.4.4.5.1.3 

3.4.4.5.1.3.1 

a. 

b. 

C .  

d. 

e. 

f. 

g. 

Drawing Number o r  P a r t  Number 

Reference Designation 

Function 

F a i l u r e  Type (or Mode) 

F a i l u r e  W f e c t  f o r  each F a i l u r e  Type 
o r  Subsystem and/or System Performance, 
as appl icable .  

C r i t i c a l i t y  Ranking 

Mathematical "Idel ing 

The requirements f o r  mathematical modeling shall  
be s ta ted under t h i s  heading.* Math modeling 
c o n s i s t s  of apportionment, p red ic t ion ,  and 
assessment. 

Apportionment 

The requirement f o r  the  apportionment o r  a l l o c a t i o n  
shal l  be s t a t e d  under t h i s  heading. R e l i a b i l i t y  
g o a l s  sha l l  be a l l o c a t e d  t o  the i n d i v i d u a l  compo- 
nents i n  order  to spec i fy  t h e  d e s i r e d  equipment 
r e l i a b i l i t y .  The r e l i a b i l i t y  g o a l s  sha l l  be 
r e a l i s t i c  and commensurate w i t h  t h e  p re sen t  
s t a t e - o f - t h e - a r t .  Fac to r s  of cos t ,  complexity, 
environment, and component func t ion  shall be 
considered. 

Example: The r e l i a b i l i t y  goa l  f o r  t h e  
R. F. power a m p l i f i e r  as s p e c i f i e d  i n  
Sect ion 3 shall  be apportioned t o  t h e  
component l e v e l .  The c o n t r a c t o r  shal l  
consider  t h e  r e l a t i v e  in f luence  of cos t ,  
complexity, environment, and type of 
f unct ion. 

The technique and a n a l y s i s  shal l  be 
documented and made a v a i l a b l e  for MSFC 
r e v i e w .  

*Apportionment and a l l o c a t i o n  a r e  used as 
synonyms i n  t h i s  repor t .  
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3.4.4.5.1.3.2 P red ic t ion  

The requirement f o r  a r e l i a b i l i t y  p r e d i c t i o n  
sha l l  be  s t a t e d  under t h i s  heading. The 
con t r ac to r  shall be requi red  t o  develop a 
p r e d i c t i o n  model  early i n  t h e  desi-gn stage. 
The f a i l u r e  r a t e  information which i s  to be 
used shall be s p e c i f i e d  i n  t h i s  s ec t ion .  

Example: A r e l i a b i l i t y  p r e d i c t i o n  
model sha l l  be prepared for t h e  R.  F.  
power ampl i f i e r .  The model sha l l  
include a f u n c t i o n a l  diagram showing 
t h e  ope ra t iona l  modes and redundancy 
o f  t h e  components that  make up t h e  
ampli2ier.  The source of f a i l u r e  r a t e  
and e n v i r o m e n t a l  and a p p l i c a t i o n  f a c t  
shall Se e s t ab l i shed  i n  conjunct ion w i  
MSFC. The appropr i a t e  s t a t i s t i c a l  
d i s t r i b u t i o n  func t ions  shall  be used. 

‘S 
o r s  
t h  

The con t r ac to r  sha l l  compare t h e  
p red ic t ed  values  of r e l i a b i l i t y  for 
t h e  coxponents and system to t he  
r e l i a b i l i t y  va lues  which were a l l o c a t e d  
during t h e  apportionment. If  the  pre-  
d i c t e d  values  a r e  l e s s  than  t h e  
a l l o c a t e d  va lues  , t h e s e  d i  screpanc i e  s 
sha l l  be presented  a t  t h e  r e l i a b i l i t y  
design review w i t h  sugges t ions  f o r  
redesign o r  o t h e r  ac t ion .  

The analysis and technique sha l l  be 
documented and made available f o r  MSFC 
r e v i e w .  

3.4.4.5.1 . 3.3 Assessment 

The assessment of achieved r e l i a b i l i t y  and t h e  
l e v e l  of confidence, i f  appl icable ,  shall be 
stated under t h i s  heading. Assessment shall 
be r equ i r ed  a t  s p e c i f i e d  mi les tones  of  the  
manufacturing and t e s t  phase as tes t  o r  f a i l u r e  
data become ava i l ab le .  Data documentation 
requirements shall be def ined  i n  the  procurement 
s p e c i f i c a t  ion.  

Example: The c o n t r a c t o r  shall  assess 
t h e  2ckieve6 Z-eli2tdlity cf th2 2. 9. 
power m p l i f i e r  a t  the  end of the 
manufacturing phase and during t h e  
t e s t  phase. The data used shall  
cons i s t  of t e s t  data. F a i l u r e  rate 

A - 4  



3.4.4.5.4 

infom'at ion sha l l  be used t o  supplement 
t e s t  da t a  for assessments performed 
before  a l l  t e s t s  have been completed. 

Discrepancies between the  assessed 
r e l i a b i l i t y  and the a l l o c a t e d  and 
p red ic t ed  r e l i a b i l i t i e s  sha l l  be 
resolved during design review. 

The a n a l y s i s  and technique.  shall  be 
documented and be a v a i l a b l e  f o r  MSFC 
review.  

R e l i a b i l i t y  Design Reviews 

The requirement f o r  r e l i a b i l i t y  design review 
shal l  be s t a t e d  under t h i s  heading. At l e a s t  
t h r e e  design reviews should be performed during 
a development cyc le  involving design changes, 
depending upon t h e  comylexity of the i t e m .  
The design reviews shall be s p e c i f i e d  as: 

1. Preliminary design r e v i e w  - e a r l y  i n  the 
des ign  phase. 

2. Intermediate  des ign  review - p r i o r  t o  
i n i t i a l  design completion. 

3. F i n a l  design r e v i e w  - p r i o r  t o  f i n a l  

The requirement f o r  a r e l i a b i l i t y  r e p r e s e n t a t i v e  
as a member o f  the  design review cormflittee shall  
be spec i f ied .  The r e l l a b i i i t y  f a c t o r s  t o  be 
considered during the  design reviews shall  be 
def ined.  

design r e l ease .  

Example: The c o n t r a c t o r  shall  schedule 
and conduct r e l i a b i l i t y  design reviews 
during t h e  development phase of t h e  R. F. 
power ampl i f i e r .  Tine r e l i a b i l i t y  design 
reviews which shall  be held a r e :  

1. Preliminary design r e v i e w  - T h i s  
review shal l  be held e a r l y  i n  the  
design phase. The r e s u l t s  o f  t h e  
f a i l u r e  mode and e f f e c t s  ana lys i s ,  
t h e  c r i t i c a l i t y  ranking and t h e  

r e l i a b i l i t y  g o a l  sha l l  be considered 
i n  determining the most feasible  and 
r e l i a b l e  design.  

TIathcEat2c2L 2ppcrtiE-?-Z!enk 010 the 
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3.4.4.5.5 

2 .  I ~ - i ' ~ e y ~ . c & j ~ t e  dcs,ign review - T h i s  
re.*-ie:.i s?i.lall be he ld  p x i o r  t o  
in:. I-ial d e s l g n  conglet ion,  b u t  a f te r  
6xx,:lnzs acd sTeclf 'ications have 
>EL: prepzred.  The r e s u l t s  of the 
7 l ~ i  -5 Lirict ion 5 ~odcl, a cornparison 
'ue-l;*seeiz the 2redicted zxd apportioned 
values,  failure e f f e c t s ,  p a r t  ~ ~ i l u r e s ,  -?-= 

r e l i a b i l i t y  demonstration test plans  
and component and par t s  s e l z c t i o n  
s h e l l  be reviewed at t h i s  t ime. 

3. F i n a l  design review - This review 
shell be perr'orned p r i o r  t o  f i n a l  
design r e l e z s e  when f i n a l  drawings 
a d  spec iP ica t ions  have been prepared.  
The compa t ib i l i t y  of t he  design with 
the r e l i a b i l i t y  requirernents, com- 
par i sons  of assessed values  t o  p red ic t ed  
and apportioned values ,  r e l i a b i l i t y  
deaons t ra t ion  t e s t  p lans ,  component 
2nd p a r t  s e l e c t i o n ,  and to l e rance  
analysis sha l l  be consridered during 
this review. 

The design revlev; cornnittee s h a l l  have a 
represent  at  i ve Y r o m  re 1 l a b i l i t y  engineering, 
who shall be r e spons ib l e  f o r  a s su r ing  that  
t h e  r e l i a b i l i t y  requirements a r e  met. 

The design reviews sha l l  be documented 
and shall presen t  the results of t h e  
review, the  a c t i o n s  assigned,  and the  
scheduled completion date or" the ac t ions .  
The design r e v i e w  r e p o r t s  sha l l  be available 
f o r  MSPC review wi th in  twenty-one days a f t e r  
the design r e v i e w  date. 

R e l i a b i l i t y  Demonstration Test 

The requirements for a r e l i a b i l i t y  demonstration 
t e s t ,  i f  appl icable ,  shall  be s t a t e d  under t h i s  
heading. The fol lowing f a c t o r s  sha l l  be s p e c i f i e d  
or r equ i r ed  from the con t r ac to r :  

( a )  

( b )  

( c )  Test dura t ion  

General type of t e s t  p l a n  

Number o f  i tems to be t e s t e d  

( d )  Test  condi t ions,  inc luding  environmental 
f a c t o r s  
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3.4.4.5.6 

Specific t e s t  ob jec t ives ,  inc luding  a 
s t a t e m a t  3f r e l i z b l l i t y  numerics and 
l e v e l  of s t a t i s t i c a l  confidence , i f  
appl iczble .  

Example: The cont-rzctor sha l l  conduc-c 
r e l i a b i l i t y  demonscration t e s t s  on new 
R. 17. Fewer ampl i f i e r s  of a design which 
i s  i d m t i c a l  t o  t h e  R .  F. power arr .plif iers 
t h a t  have success fu l ly  passed t h e  pro- 
duction. t e s c s  a i d  q u a l i f i c a t i o n  t e s t s  
which c?i'e specii ' ied i n  Sect ion 4. 
n ihz ce:-tractoL- s h a l l  submit t o  i.ISFC a 

C; r z l i z b i l l k y  cimionstration t e s t  

fiz. The t e s t  
zsLg;;-ied ?or t e s t i n g  a 

whl c k r x  3 i; og e r  a t  e sue c e s s f u l  l y  
2 766 i-iours with no f a i l u r e .  
contain d e t a i l e d  t e s t  
t schematics,  inc luding  

o-n and control eq:rigrnent, 
. -  

EL-~?~ s.-:.:l ccxg le t e ly  specil'y t h e  t e s t  
O 'UJEC ;;:'.ves .. Idethods sha l l  be iRcluded 

P t h e  evei?t of' l a l l u r e ,  r e t e s t i n g ,  

7 -  
I-*-,-, -j <- <- C.T. 
u v A . - u u  I- approval of t h e  t e s t  plm must be 
grar,teed t o  t h e  c o n t r a c t o r  by MSFC prior to 
test L 2 i t i a t i o n .  

F a i l u r e  Reporting a:nd Correc t iv?  Action 
r l 7  ine  requirexent  f o ~ ,  Pa i lEre  r e p o r t i n g  and 
c o r r e c t i v e  a c t i o n  sha l l  be stated u;zder t h i s  
heading. Th.e c o n t r a c t o r  s h a l l  be requi red  t o  
r e p o r t  t o  i.:SiC a l l  l"aiiu.r.es k h a t  occur in -p l an t ,  
a t  t e s t  s i t e s ,  or at installation o l t e s .  The 
cel . - t -psc?~r  sfi~.l.l~ h;. u.ec-;i3-i -ped to conduct an 
analysis t o  de t e rn ine  the cause or" t h e  f a i l u r e  
2 ~ d  t h e  c o r r e c t i v e  a c t i o n  r equ i r ed  to e l imina te  
t h e  cause o f  f a i l u r e .  Requirements for f a i l u r e  

I _  , -  
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3.4.4.5.7 

mapie : The C o R t i q a C t o r  shall  prepare a 
detail&- ec~ui;~mc-iit l o g  ~ ' G T  each R. P. 
pover m p l i f i e r .  The l o g  format shall 
be pi-,e?ared and submitted to MSFC for 
a q r o m i  a t  l e a s t  sixty days prior t o  
nmui 'actur ing . 
T:-le fo l lox ing  mlnirnm information must 
be  included as par t  of' the  proposed l o g :  

,ai C ~ t e  m d  t fm  o r  ent ry  

(b) 

, L  

Ide i i t i ty  01" t e s t  o r  i lzspection 
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3.5.5 

c/. n-, .,.pa~ - -  k e r i  s t i c  s being inve  s t i ga t  ed 

opera t ing  t i m e  

Contractors  shall e s t a b l i s h  and maintain 
e f f e c t i v e  r e 3 . i a b i l i t y  p ~ o g r m s  t o  satisr'y 
ri-~ir~ixcm~ i-eqLuirer;ent s of t h e  procuring activity. 
Ap~licab5.1 - I t y  cf I.TAS.4 R e l i a b i l i t y  Pub l i ca t ion  
N X  250-1 shall be determined on the  basis of 
each separate c o n t r x t  or order .  

The f ~ l 1 0 ~ I n g  gene ra l  g u i d e l i n e s  o r  o b j e c t i v e s  
ai.3 c::ce?p';ed frox NASA Circular 293 of 
Sel2tenjer 3 ,  1963: 
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APPENDIX B 

TKE MEANING OF RELIABILITY REQUIREMENTS FOR 
PROCURETJIENT SPECIFICATIONS 

The following s e c t i o n  contains  background information t o  
support  and t o  expla in  t he  need f o r  the  requirements which are 
s p e c i f i e d  i n  Appendix A .  This material i s  not  included i n  the 
w r i t i n g  guide supplement because i t  is  of an explanatory or 
t u t o r i a l  na tu re .  It i s  included here i n  order  t o  provide a 
convenient re ference  source t o  the s p e c i f i c a t i o n  writer. 
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1) The Role of R e l i a b i l i t y  i n  Procurement Spec i f i ca t ions  
0 

A s p e c i f i c a t i o n  i s  a n  e s s e n t i a l  i tem. A t  MSFC, a spec- 
i f i c a t l i o n  i-s a document. intended p r i m a r i l y  f ~ y  use i n  procure- 
ment. Further ,  a s p e c i f i c a t i o n  must c l e a r l y  and a c c u r a t e l y  
establish and desc r ibe  t h e  t e c h n i c a l  requirement f o r  a compo- 
nen t ,  subsystem o r  system inc luding  the methods of i n spec t ion  
f o r  determining that  t h e  requirements have been met. 

For programs with high r e l i a b i l i t y  requirements such as 
the Sa tu rn  program, s p e c i f i c a t i o n s  assume a r o l e  of  utmost 
imDortance because time devoted t o  c l a r i f i c a t i o n  o r  misunder- 
s t and ing  i s  lost t i m e .  
and good r e l i a b i l i t y  requirements help produce good s p e c i f i -  

Good s p e c i f i c a t i o n s  reduce e r r o r s ,  

c a t i o n s .  

The r e l i a b i l i t y  requirement po r t ions  of cu r ren t  s p e c i f i -  
ca t ions  s u f f e r  from one o r  more of the fol lowing f a u l t s :  

1. Lack of c l a r i t y  
2.  Incompleteness 
3. Lack of  f e a s i b i l i t y  

A l l  of the above a t t r i b u t e s  have a d e t e r r e n t  effect  on 
s p e c i f y i n g  the desired r e l i a b i l i t y .  

Manuals M-205a and MSFC-PROC-239 p resen t  a s tandard ized  
format for use with a l l  types and c l a s s e s  of s p e c i f i c a t i o n s .  
These manuals conta in  i n s t r u c t i o n s  oiz s t y l e  and s tmc t i l r e ,  
as well as information on the major s e c t i o n s  of the s p e c i f i -  
c a t i o n .  

It i s  apparent  t h a t  the p r i n c i p a l  s e c t i o n s  of a specif 'i- 
c a t i o n  are the  ones concerning requirements and q u a l i t y  
assurance  provis ions .  The conten ts  of t h e s e  s e c t i o n s  cause 
the ma jo r i ty  of  the problems which arise i n  t he  wr i t i ng ,  o r  
use ,  of s p e c i f i c a t i o n s .  

R e l i a b i l i t y  i s  an  inherent  c h a r a c t e r i s t i c  which must be 
designed i n t o  a p i e c e  of equipment. The numerical r e l i a b i l i t y  
requirement must be spec i f i ed  along with o t h e r  requirements 
i n  o rde r  that it may be considered throughout des ign .  However, 
a numerical r e l i a b i l i t y  requirement i s  not  s u f f i c i e n t  i n  i t s e l f  
t o  s p e c i f y  r e l i a b i l i t y .  

a .  More r ecen t ly ,  Manual M-200A. 
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R e l i a b i l i t y  i s  t h e  p r o b a b i l i t y  t h a t  a system w i l l  perform 
s a t i s f a c t o r i l y  for a t  l e a s t  a given per iod of t i m e  when used 
under s t a t e d  condi t ions .  T h i s  d e f i n i t i o n  r e q u i r e s  tha t  
a d d i t i o n a l  information be made a v a i l a b l e  i n  o r d e r  t o  make a 
numerical r e l i a b i l i t y  requirement meaningful. 

The func t ion  of the device must be adequate ly  s p e c i f i e d ,  
t h e  ope ra t iona l  time pe r iod  ind ica t ed ,  and t h e  opera t ing  con- 
d i t i o n s  descr ibed.  If t h i s  information i s  not  a v a i l a b l e ,  
spec i fy ing  a numerical r e l i a b i l i t y  requirement cannot be 
meaningful. The adequacy o f  the engineer ing information 
contained i n  a s p e c i f i c a t i o n  must be a sce r t a ined  before  t h e  
r e l i a b i l i t y  s e c t i o n  i s  wr i t t en .  

I n  f a c t ,  t h e  sec t ions  r e l a t i n g  t o  p r e f e r r e d  p a r t s ,  genera l  
design information,  requirements for i d e n t i f i c a t i o n ,  workman- 
s h i p  requirements, and even t h e  s e c t i o n s  on p repa ra t ion  for 
d e l i v e r y  can s e r i o u s l y  a f f e c t  r e l i a b i l i t y .  

The fol lowing paragraphs a r e  w r i t t e n  t c  help expla in  why 
concepts such as math modeling and f a i l u r e  mode and e f f e c t s  
a n a l y s i s  a r e  included as r e l i a b i l i t y  requirements.  The 
c a r e f u l  s p e c i f i c a t i o n  w r i t e r  w i l l  work c l o s e l y  with the design 
engineer  and the  r e l i a b i l i t y  engineer  dur ing  t h e  p repa ra t ion  
of the r e l i a b i l i t y  requirements. 

Ass is tance  i s  a v a i l a b l e  t o  t h e  s p e c i f i c a t i o n  writer from 
sources  o t h e r  than  MSFC-PROC-239. The R e l i a b i l i t y  Assurance 
Div is ion  can p a r t i c i p a t e  i n  the  planning of t h e  s p e c i f i c a t i o n  
w r i t i n g  task, o f f e r  a s s i s t a n c e  i n  wr i t i ng  the  r e l i a b i l i t y  and 
environmental po r t ions  of  each s p e c i f i c a t i o n ,  and review 
each s p e c i f i c a t i o n  p r i o r  t o  release. 
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2 )  R e  l i a b i  li t y Statement a 
A design parameter which i s  needed before  any design 

e f f o r t  i s  expended i s  tiie liuinel3.cai value of the oveiiall  
r e l i a b i l i t y  ob jec t ive  o r  g o a l  of t h e  component, subsystem 
o r  system. T h i s  value i s  formulated by MSFC and c o n s i s t s  
of  a number such as 0.9999 which s p e c i f i e s  t h e  "target" 
va lue  of t h e  r e l i a b i l i t y  o f  a system o r  t h e  requi red  
r e l i a b i l i t y  which must be demonstrated. 

If a "target" o r  goal r e l i a b i l i t y  i s  s p e c i f i e d ,  t h e  
c o n t r a c t o r  i s  informed by means of the  goa l  s ta tement  which 
de f ines  the system or hardware conf igura t ion  t o  which i t  
a p p l i e s .  

An a l t e r n a t i v e  method of w r i t i n g  the  r e l i a b i l i t y  s ta te-  
ment i s  i n  t h e  form of a requirement as, f o r  example, a 
s ta tement  tha t  the con t r ac to r  sha l l  demonstrate t h a t  the 
hardware has achieved a r e l i a b i l i t y  of 0.9999. If t h e  
s ta tement  i s  expressed i n  t h i s  form, a follow-on provis ion  
must be made elsewhere i n  t h e  procurement s p e c i f i c a t i o n  t o  
i n d i c a t e  how t h e  achieved r e l i a b i l i t y  i s  t o  be demonstrated 
as, f o r  example, by means o f  a demonstration t e s t .  If the  
numerical r e l i a b i l i t y  requirement i s  s ta ted,  t h e  assignment 
should precede the con t r ac tua l  work on the  design of t h e  
system. 

An u n r e a l i s t i c  requirement i s  de t r imen ta l  because: 

1. I f  the requirement i s  high, t h e  expendi ture  of 
money and time f o r  development and product ion 
w i l l  be greater than necessary;  and f u r t h e r ,  i t  
may not  be poss ib l e  t o  design and build t h e  
hardware wi th in  the p resen t  s t a t e  of t he  a r t .  

2. If the  requirement i s  low, the accep tab le  product 
may not func t ion  p rope r ly  when requi red .  



3) F a i l u r e  Mode and Effec t  Analysis (FMEA) and C r i t i c a l i t y  Ranking 
0 

After  the design o f  a component, subsystem, or system has 
been e s t ab l i shed  an iiiiprjrtarit questi~n t h s t  s f t e n  remaiEs t o  be 
answered i s :  In  how many d i f f e r e n t  ways could the hardware 
which i s  represented schematical ly  by the  design drawings f a i l  
and f u r t h e r ,  exac t ly  what would be the e f f e c t  o f  t h i s  f a i l u r e  
upon the  success fu l  completion of t he  mission f o r  which t h i s  
p i ece  of  equipment was designed. A powerful tool a v a i l a b l e  t o  
the design engineer  and the r e l i a b i l i t y  engineer  which i s  used 
t o  answer t h i s  ques t ion  i s  c a l l e d  the f a i l u r e  mode and e f f e c t  
a n a l y s i s .  An important pa r t  of t he  FMEA i s  the  c r i t i c a l i t y  
ranking whereby the  i tems which c o n t r i b u t e  t o  f a i l u r e  a r e  
ranked by t h e i r  r e l a t i v e  l e v e l  of importance. 

The method by which a f a i l u r e  e f f e c t s  a n a l y s i s  i s  completed 
r e q u i r e s  the design engineer and the r e l i a b i l i t y  engineer  t o  
analyze t h e  system and t o  i d e n t i f y  the d i f f e r e n t  modes of 
f a i l u r e  of the par ts  o r  components. 

A thorough and systematic  study i s  requi red  i n  o r d e r  t o  
a s s u r e  that  no important f a i l u r e  modes have been omi t ted .  
It i s  only a f t e r  the  f a i l u r e  mode and e f f e c t  a n a l y s i s  i s  
completed that  the r e l i a b i l i t y  engineer  can s t a r t  a c r i t -  
i c a l i t y  a n a l y s i s  i n  o r d e r  t o  determine the p r o b a b i l i t y  of 
system f a i l u r e  a s soc ia t ed  w i t h  each of the c r i t i c a l  p a r t s .  

It i s  important t o  genera te  the FMEA and the c r i t i c a l i t y  
a n a l y s i s  a s  e a r l y  i n  the development program a s  poss ib l e  s o  
t h a t  p o t e n t i a l  problem a reas  i n  r e l i a b i l i t y  and/or design may 
be determined before  the  o v e r a i i  scneduie i s  jeopardized.  

FMEA c o n s i s t s  of i d e n t i f i c a t i o n  of’ c i - i t i c a l  iteiiis, and 
c r i t i c a l i t y  ranking of system components. The a n a l y s i s  leading 
up t o  the i d e n t i f i c a t i o n  o f  c r i t i c a l  items c o n s i s t s  o f :  

1. Drawing symbolic l o g i c  block diagrams 

2 .  Iden t i fy ing  all sys tem components 

3. Completing f a i l u r e  e f f e c t  a n a l y s i s  

4 .  Preparing c r i t i c a l  items l i s t  

- -  -l t L- --...l--t”.- h n V 1 ” 4  “he a n a l y s i s  leading i o  iiie GPL L , L G ; ~ L L  I,Y A - c a I l n L I i &  b v I A u I u  

of ranking a l l  components based on the a p p l i c a b l e  f a i l u r e  mode, 
the p r o b a b i l i t y  of vehic le  l o s s ,  the f a i l u r e  mode frequency 
r a t i o  and the u n r e l i a b i l i t y  . 



I n  o r d e r  t o  standardize the FKEA documentation by con- 
t r a c t o r s ,  $he following elements s h a l l  be s p e c i f i e d  a s  p a r t  

format : of FMEA 

1. 

2 .  

3. 
4. 

5. 

6 .  

7 .  

I t e m  

Drawing number 

Reference des igna t ion  

Function 

F a i l u r e  type ( o r  mode) 

F a i l u r e  e f f e c t  f o r  each f a i l u r e  type on subsystem 
and/or system performance, a s  app l i cab le  

C r i t i c a l i t y  ranking 
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4 )  Mathematical Modeling 

/?,-,-an 1. U G l L b J .  21 

Mathematical a n a l y s i s  i s  used i n  conjunct ion w i t h  the 
r e l i a b i l i t y  model, i npu t  da ta  on f a i l u r e  p r o b a b i l i t i e s ,  and 
test r e s u l t s  to :  

( a )  E s t a b l i s h  r e l i a b i l i t y  goals down to t he  component 
l e v e l  a t  d i f f e r e n t  development and production m i l e -  
s t ones  by the use of apportionment techniques.  

( b )  Pred ic t  u l t ima te  r e l i a b i l i t y  a t  d i f f e r e n t  design 
milestones by use of p r e d i c t i o n  techniques.  

( c )  Formulate tes t  plans.  

( d )  Assess achieved r e l i a b i l i t y  a t  d i f f e r e n t  production 
and t e s t  milestones (and e s t a b l i s h  the mathematical 
confidence limits a t t a i n e d ,  i f  a p p l i c a b l e ) .  

2. R e l i a b i l i t y  Model 

A r e l i a b i l i t y  model is an equat ion o r  a diagram which 
r e p r e s e n t s  the success  modes o r  t h e  f a i l u r e  modes o f  the system 
i n  terms of subsystem success o r  f a i l u r e  modes. D i f f e ren t  kinds 
o f  sys tem success  ( f o r  ins tance ,  crew s u r v i v a l  o r  success fu l  
execut ion of a l t e r n a t e  missions)  a r e  usua l ly  represented  by 
s e p a r a t e  models. 

The r e l i a b i l i t y  model i s  usua l ly  based upon the f a i l u r e  
mode and e f f e c t  a n a l y s i s  descr ibed i n  Paragraph (3)  above. 
No pa r t  or component f a i l u r e  mode i s  omitted from the model 
u n l e s s  i t s  p r o b a b i l i t y  of occurrence i s  small .  

A p a r t  o r  component f a i l u r e  mode may be considered t o  
have a small  p r o b a b i l i t y  o f  occurrence i f  the p r o b a b i l i t y  
of t h i s  mode occurr ing  anywhere i n  t h e  system during the 
tes t  sequence or mission can be shown t o  be two o r d e r s  of 
magnitude smal le r  than the average of the p r o b a b i l i t i e s  of 
occurrence of the o t h e r  f a i l u r e  modes. F a i l u r e  modes with 

the model. For example, i f  t he  average f a i l u r e  p r o b a b i l i t y  
i s  0.0001, then any f a i l u r e  mode w i t h  a p r o b a b i l i t y  of 
occurrence of 0.000001 o r  less would be ignored.  

- --------.--- --- - - - l n A 4 - - A  -im srnaii p r w b a b i i i i i e s  uf V G G U I - L  ciibc ni c u o u a r r y  A A L e L b u  u b u  
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3 .  Apportionment 

R e l i a b i l i t y  apportionment i s  a method of d i s t r i b u t i n g  
to the  lowest app l i cab le  l e v e l  of elements the r e l i a b i l i t y  
which i s  a l l o c a t e d  according t o  the s t a t e - o f - t h e  a r t  and 
p o t e n t i a l  c a p a b i l i t i e s  of each element (subsystem or com- 
ponent ) .  
e s t a b l i s h i n g  design objec t ives ,  and serve a s  a b a s i s  f o r  
programming development e f f o r t .  

These r e l i a b i l i t y  va lues  a r e  then used for 

Apportionment i s  the r e l i a b i l i t y  technique whereby 
r e l i a b i l i t y  i s  established a s  a design parameter.  R e l i a b i l i t y  
requirements and methods of demonstrating compliance w i t h  them 
must be s p e c i f i e d  i n  each c o n t r a c t .  I n  some cases  i t  may not  
be p r a c t i c a l  t o  demonstrate compliance because of economic 
l i m i t a t i o n s ,  schedules,  e t c .  The a l l o c a t i o n  of r e l i a b i l i t y  
during t h e  i n i t i a l  s t a g e s  o f  system design permits  r e l i a b i l i t y  
t o  be s p e c i f i e d  and provides a b a s i s  upon which demonstration 
and acceptance tests can be prepared and cos ted .  

The techniques of apportionment r e q u i r e  t h a t  a gene ra l  
r e l i a b i l i t y  mathematical model hzs been developed. The model 
i nco rpora t e s  those f a c t o r s  which have a d i r e c t  and important 
bear ing on achievable  r e l i a b i l i t y  of components, subsystem, 
and systems. The f a c t o r s  include:  

System and f a i l u r e  d e f i n i t i o n s  

System r e l i a b i l i t y  requirements 

Design c h a r a c t e r i s t i c s  of t he  system 

Unit/system f a i l u r e  r e l a  t i o n s h i p s  

The a l l o c a t i o n  process by i tself  g i v e s  no assurance or 
guarantee t h a t  the r e l i a b i l i t y  so ass igned  w i l l  m a t e r i a l i z e  
i n  s e r v i c e  ope ra t ion  of the sys tem.  The a l l o c a t i o n  procedure 
takes an assigned o v e r a l l  r e l i a b i l i t y  and appor t ions  the  al lowable 
u n r e l i a b i l i t y  t o  the var ious u n i t s  of the system. If the system 
r e l i a b i l i t y  requirement exceeds the s t a t e - o f - t h e  a r t ,  each u n i t  
a l l o c a t i o n  w i l l  ref i lect  i t s  appropr i a t e  share of the requi red  
i n c r e a s e  i n  the s t a t e -o f - the  a r t .  

The a l l o c a t i o n s  a r r i v e d  a t  can be f u r t h e r  modified through 
siuriy oZ ir.iirie-o2Zs beiweeri r e i i a b i i i i y ,  w iiier perlnui.iiihiil;:t: 
requirements, weight and space, ca lendar  t i m e ,  and monetary 
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l i m i t a t i o n s .  The i n i t i a l  a l l o c a t i o n  i s  made on the b a s i s  
of f a c t o r s  which can be quan t i f i ed  a t  the  time of the  
i n i t i a l  des ign .  The following l i s t  conta ins  many of the 
f a c t o r s  which, t o  var ious  degrees, a r e  important i n  a l l o c a t i o n .  

Basic Object ive 

Sy s tem r e l i a b i l i t y  requirement 
F e a s i b i l i t y  of the requirement 

Unit Capabi l i ty  

S ta te -of - the  a r t  
Complexity 

F a i l u r e  C h a r a c t e r i s t i c s  

F a i l u r e  d e f i n i t i o n s  
F a i l u r e  r e l a t i o n s h i p s  
F a i l u r e  modes 
F a i l u r e  d i s t r i b u t i o n s  
Environmental and stress r e l a t i o n s h i p s  

System Design 

Redundancy 
Duty cyc le s  
Environmental condi t ions  

4.  P red ic t ion  

P red ic t ion  i s  the process whereby the mathematical model 
which r e p r e s e n t s  the success o r  f a i l u r e  modes of the sys tem i s  
evaiuated wi th  data  t o  produce a coinnputed nuiiiei-ical e s t i m t z  of’ 
the system r e l i a b i l i t y .  The computed numerical es t imate  of the 
sys t em r e l i a b i l i t y  i s  t h e  p robab i l i t y  t h a t  the sys t em w i l l  per- 
form s a t i s f a c t o r i l y  f o r  a t  l e a s t  the given per iod of t i m e  when 
used under the s t a t e d  condi t ions .  

P red ic t ion  r equ i r e s  t h a t  an FPIEA o r  s i m i l a r  document be 
a v a i l a b l e  from which t o  develop the mathematical model. I n  
add i t ion ,  some s tandard o r  c o n s i s t e n t  s e t  of  f a i l u r e  information 
o f  a g e n e r i c a l l y  s i m i l a r  na ture  must be a v a i l a b l e  f o r  p a r t s ,  
components, OP subsystems. 

F r ~ r n ‘  ihe p r e i i r r i i n a r - y  d e s i g f i  iTe1t .G ~e s 1iZ.i:ZiriZTe CGE- 
f i g u r a t i o n ,  a first fo recas t  of the hardware r e l i a b i l i t y  can 
be made using the techniques ou t l ined  above. After the numerical 
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eva lua t ion  i s  completed, an a n a l y s i s  of the system problem 
a r e a s  i s  made. The ana lys i s  i s  d i r e c t e d  toward d e t e c t i n g  
p o t e n t i a l  u n r e l i a b i l i t y .  

The a n a l y s i s  i s  usua l ly  performed by a r e l i a b i l i t y  
engineer ing group who may recomrnend a l t e r n a t i v e  conf igu ra t ion  
a s ,  f o r  example, redundant pa ths  o r  s i m p l i f i e d  design, which 
would reduce the  system f a i l u r e  p r o b a b i l i t y .  

The development of a r e l i a b i l i t y  
f o 1 lowing 

( a )  

p red ic t ion  inc ludes  
s t eps :  

A complete review of  t he  system design i s  made 
t o  determine i t s  primary phys ica l  and f u n c t i o n a l  
components and subsystems. 

the 

A f u n c t i o n a l  breakdown of the  system i s  used t o  
cons t ruc t  a r e l i a b i l i t y  model f o r  each subsystem. 
These r e l i a b i l i t y  models e r e  usua l ly  s impl i f i ed  
diagrams which depic t  interdependencies  o f  a l l  
the  subsystems o r  p a r t s  comprising the system, 
and correspond t o  the f a i l u r e  modes shown i n  
the  FMEA . 
The assignment of a p r o b a b i l i t y  of f a i l u r e  i s  made 
f o r  each f a i l u r e  mode. The p r o b a b i l i t y  o f  f a i l u r e  
i s  ca l cu la t ed  from f a i l u r e  da ta  compiled f rom tes ts  
on s i m i l a r  p a r t s  used under s i m i l a r  environmental 
cond i t ions .  Adjustments t o  r e f l e c t  environments, 
a p p l i c a t i o n  and e s s e n t i a l i t y  a r e  made a s  requi red  
by the use or" adj:-iistnent f a c t o r s  ( such  a s  K f a c t e r s ) .  

Compoiient reliabllity i r~ l i l z s  ZIY coxbinzd a c c ~ r d i ~ g  
t o  t he  func t iona l  r e l a t i o n s h i p s  of a l l  p a r t s  o f  the  
system, i n  order  t o  p r e d i c t  an i n t e g r a t e d  r e l i a b i l i t y  
e s t ima te  f o r  the system. Funct ional  interdependencies ,  
system redundancy, and component-function c r i t i c a l i t y  
a r e  considered in  t h i s  s t e p .  

In  summary, t he  method of p red ic t ion  r e q u i r e s  s u b s t i t u t i n g  
the ind iv idua l  p r o b a b i l i t i e s  of  f a i l u r e  i n t o  t h e  r e l i a b i l i t y  
model .  P r o b a b i l i t i e s  o f  f a i l u r e  should be based on f a i l u r e  
r a t e  data  and opera t ing  time requi red  by the element during 
the mission and the  environmental condi t ions  a n t i c i p a t e d  f o r  
t h e  element during t h i s  t i m e .  Environmental condi t ions  may 
jnclude those during the t e s t  and i n s t a l l a t i o n  sequence a s  
wel l  as  during the mission. 
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If f a i l u r e  r a t e  t a b l e s  and K f a c t o r s  are  used t o  o b t a i n  
t h e  f a i l u r e  p r o b a b i l i t i e s ,  such r a t e s  and I( f a c t o r s  should 
be sub jec t  t o  p r i o r  MSFC approval.  

5. Assessment 

R e l i a b i l i t y  assessment i s  the determinat ion of  t he  degree 
of r e l i a b i l i t y  a c t u a l l y  a t t a i n e d  i n  the development program. 
It i s  i n  e f f e c t  a measurement of t he  r e l i a b i l i t y  which has  
been a t t a i n e d  a t  the d a t e  of  t h e  assessment.  The assessment 
of  t h e  achieved r e l i a b i l i t y  of s tage,  systems, subsystems, 
components, and p a r t s  i s  usua l ly  made preceding each m a j o r  
mi les tone ,  Assessment data  w i l l  inc lude  both forms below: 

( a )  T e s t  da t a  f r o m  the  development program 

( b )  T e s t  data and a d d i t i o n a l  f a i l u r e  p r o b a b i l i t y  
information f rom o t h e r  s i m i l a r  equiprnents 

The t e s t i n g  used f o r  demonstration o f  the system, subsystem, 
component, o r  par t  r e l i a b i l i t i e s  w i l l  vary cons iderably ,  In  
some cases ,  a very r e f ined  samnling p lan  and s e q u e n t i a l  t e s t i n g  
program w i l l  be u t i l i z e d ;  i n  o t h e r  cases ,  the r e s u l t s  of develop- 
ment t e s t i n g  must be reviewed f o r  assessment of the r e l i a b i l i t y .  
A complete understanding and review of the t e s t  da t a  produced, 
t he  problems experienced i n  the tes t  program, and a c l o s e  
examination of design changes t o  c o r r e c t  the f a i l u r e  which 
occurred, i s  needed t o  forinulate the assessment of the 
achieved r e l i a b i l i t y .  

The r e l i a b i l i t y  assessment i s  compared t o  the  a l l o c a t e d  
ar?d preC1_icted valnes i n  nrd.er t o  measure  progress: determine 
da ta  d e f i c i e n c i e s ,  and t o  i d e n t i f y  r e l i a b i l i t y  problems and t o  
develop t r ade -o f f s  w i t h  o t h e r  design parameters.  
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5 )  Design Reviews 

k design review i s  a formal  review or a u d i t  of  t h e  design 
o f  a product to determine whether a product i s  capable of 
iileet-iiig I ts  perfsrmanzz rzqu5.rements.  The purpose of a des ign  
r ev iev  i s  t o  sub jec t  t h e  design to a complete examination 
inc lud ing  component app l i ca t ions  and design f a c t o r s  such as 
r e l i a b i l i t y ,  cos t ,  and f a b r i c a t i o n .  The design review al lows 
t h e  product t o  be evaluated by personnel o t h e r  than  t h e  
designer--those of widely d i f f e r e n t  backgrounds and experience 
i n  spec ia l i zed  a r e a s .  Eesign reviews are  conducted by a 
cormi t tee  appointed by r?,mzgezent; mmbers are r e p r e s e n t a t i v e s  
of  var ious p e r t i n e n t  engineering d i s c i p l i n e s .  

Tne design review coimi t tee  w i l l  normally c o n s i s t  of a 
chairman and r ep resen ta t ives  frorn design,  r e l i a b i l i t y ,  systems 
engineer ing,  t e s t i n g ,  q u a l t t y  con t ro l ,  and manufacturing. 
Each design review may recruire d i f f e r e n t  types of personnel 
as committee members, depending upon the n a t u r e  o f  the product.  

The chairman of the design review committee i s  r e spons ib l e  
f o r  conducting the design review and a s s igns  r e s p o n s i b i l i t y  
for r e so lv ing  t e c h n i c a l  prablems and prepar ing  the  design 
review r e p o r t .  The design review r e p o r t  l i s t s  t h e  problem 
areas, the recommended act 'ions, to whom t h e  a c t i o n s  are assigned,  
and the d a t e  the  a c t i o n  i s  t o  be completed. The c o r r e c t i v e  
a c t i o n  i s  reviewed by the chairman a f t e r  t he  a c t i o n  i tem has 
been completed. 

The number of design reviews scheduled w i l l  depend upon 
t h e  product under cons idera t ion .  I n  some ins t ances ,  on ly  one 
or two design reviews a1-z: r izzzssary; i n  a+hon n a - s s  v u u u u ,  a develop- 
ment cyc le  may involve major design changes wh-ich n e c e s s i t a t e  
s e v e r a l  des ign  reviews. It i s  comrion for a c o n t r a c t o r  t o  
schedule  a t  least  t h r e e  design reviews f o r  a product during 
i t s  development cyc le .  A t y p i c a l  schedule  would c o n s i s t  of 
t he  fol lowing reviews : 

1. Prel iminary Review - T h i s  type of review i s  
u s u a l l y  performed e a r l y  i n  the  design phase. 
The system or component i s  reviewed t o  i n s u r e  
tha t  a l l  poss ib l e  f a i l u r e s  and environments 
have been considered and that the  proposed 
design will accomplish t h e  d e s i r e d  r e s u l t s .  
The proposed designs must be feasible  from 
a n  ope ra t iona l  aspect, as well as from the  
product ion siancipwiiri t  . 
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I 

2 .  

3. 

Intermediate  Review - Tnis review takes p lace  
p r i o r  to i n i t i a l  desigl? conpletfon, but a f t e r  
drawings and s p e c i f i c a t i o n s  have been prepared. 
The ic te rmediz tc  ?evi:w considers  the  ana ly t i ca l  
s t u d i e s  forming the basis for the design and the 
d e t a i l e d  layout  of t h e  product.  The compa t ib i l i t y  
of t h e  component c h a r a c t e r i s t i c s  w i t h  the  system i s  
reviewed as t o  t he  e f r e c t  of malfunctions,  f a i l u r e  
or performance dec l ine  of each p a r t .  
problems are reviewed and a l t e r n a t e  designs a r e  
recommended i f  necessary.  

Fabr i ca t ion  

F ina l  Eieview - 5'hA.s review i s  performed p r i o r  t 
r e l e a s e  o f  f i n a l  drawings and s p e c i f i c a t i o n s  wh 
w i l l  be used for pi-ocurement of  hardware. The 
f i n a l  review considers the problems of layout ,  
cons t ruc t  i on, r'abrf c a t  i on, maintenance , design 
p r a c t i c e s ,  and c o n p a t i b i l i t y  of design with 
r e l i a b l l i t y  and performance requirements.  

0 
.i c h 

A l-ist of t y p i c a l  iteins f o r  d i scuss ion  during a des ign  
review is: 

1. Tolerance s t u d i e s  
2 .  Parts a p p l i c a t i o n  
3. 
4. 

R e l i a b i l i t y  apportionment, p r e d i c t i o n ,  and assessment 
F a i l u r e  mode, e f f e c t  and c r i t i c a l i t y  a n a l y s i s  

5. System concept and a l t e r n a t i v e  approaches 
6. 
7. 
8. 
9 .  
10. 
11. 
12. 
13. 
14. 
15. 
16. 

18. 

System performance 
Compat ib i l i ty  of equipment 
S t a b i l i t y  of sys  t e n  

Cost  a spec t s  
Ease of f a b r i c a t i o n  
I n t e r f e r e n c e  problems 
Ease of maintenance and s e r v i c e  
Documentation a s soc ia t ed  w i t h  design 
Changes 
Environment a 1 e f f e c t s 
T e s t  data 
Trade-off' s t u d i e s  
Redundancy 
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An i-nportant phase of a design review i s  t h e  documenta- 
t i o n  or" t h e  results of t h e  review, t h e  a c t i o n s  assigned and 
the scheduling of t hese  a c t i o n s .  A r epor t  or' t h e  design 
review should be i s sued  as soon as poss ib l e  to a l l  a c t i v i t i e s  
concerned with t h e  des i zn .  The design review repor t  s ta tes  
the r e s u l t s  of review, GS well as t h e  h i s t o r y  of t h e  events  

product ion of t h e  product .  
and probie!ris ~iliic'rl OCcuiTed &cjZI.Eg the  de~,-zlo?mcnt 2nd 

The r e l i a b i l i t y  enginezring group should be represented 
on t h e  design review cormit tee .  
respons ib le  for i n s u r i n g  that a l l  r e l i a b i l i t y  requirements 
are  met. 

The r e p r e s e n t a t i v e  i s  

The r e s u l t s  of t he  failure mode and e f f e c t  a n a l y s i s ,  
the c r i t l c a l i t y  ranking axl the mathematical apportionment 
of t h e  r e l i a b i l i t y  goal a r e  important cons idera t ions  dur ing  
t h e  design reviews. These r e s u l t s  a r e  used t o  des igna te  
c r i t i c a l  r e l i a b i l i t y  a reas  i n  t h e  proposed design and t o  
p inpo in t  areas where a l t e r n a t e  des igns  may be used t o  improve 
the r e l i a b i l i t y .  

The r e s u l t s  or" t h e  p red ic t ion  model are  con t r ibu to ry  t o  
t he  des ign  reviews. 
P a r t  f a i l u r e s  are reviewed and compared with t h e  goals  which 
were apport ioned,  and sugses t ions  for redes-ign or o the r  a c t i o n  
should be considered at this t ime. R e l i a b i l i t y  demonstration 
p l ans  and component and p a r t  s e l e c t i o n  p lans  are reviewed, as 
are the  r e s u l t s  of worst-case o r  t o l e rance  analyses  and o t h e r  
detai led r e l i a b i l i t y  ana lyses .  

The Zffec ts  of malfunctions a r e  considered. 

The compa t ib i l i t y  of the des ign  with t h e  r e l i a b i l i t y  
requirement i s  reviewed during the design reviews. 
r e s u l t s  of t h e  p r e d i c t i o n  and assessment model, as compared 
wi th  the  apportioned goals,  a r e  reviewed 2s a r e  any 
suggest ions f o r  redesign t o  i n c r e a s e  r e l i a b i l i t y .  

The 
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R e l i a b i l i t y  Demons t ra t i o n  '7s s t lng 

The reljability d e ~ . o ; - ~ s t r ~ t . i o n  t e s t  i s  one of the important 
r e l i a b i l i t y  checkpoints 2nd must, therefore ,  be c a r e f u l l y  
formulated by the  s p e c i f i c a t i o n  writer. 

Depending upon who v ~ 5 . l l  o r i g i n a t e  or formulate the d e t a i l e d  
requirements f o r  t e s t i n g  z;;d ho:! t h e  requirements w i l l  be con- 
sidered from the  v iecpoin t  o f  o v e r a l l  ob jec t ive ,  s e v e r a l  
a l t e r n a t i v e  approzches cco Lescing a r e  a v a i l a b l e .  The l e v e l  
o f  complexity of' the  speci_' ied hardware, e .g . , component, 
subsystem, o r  system r r i l i  also l i if lucence the choice o f  one 
o f  s e v e r a l  a l t e r n a t i v e  a n p x a c h e s  which a r e  a v a i l a b l e  t o  the 
writer.  Each  a l t e r n a t i v e  be judged aga ins t  a s e t  of 
va lues  which depend upon 6esign engineer ing judgment, the 
risks which the MSFC i s  v i i l i ne ;  t o  assume, and t r a d e - o f f s  
involving r e l a t i o n s h i p s  betxeen c o s t  and schedule, c o s t  and 
r e l i a b i l i t y ,  and c o s t  and assurance.  I n  c e r t a i n  cases ,  it 
may n o t  be p r a c t i c a l  t o  s p e c i f y  the  requirements f o r  r e l i -  
a b i l i t y  demonstration t e s t i n g .  

It is, therefore ,  necessapy ko cons ider  whether MSFC will 
spec i fy  the d e t a i l e d  t e s t  r zqu ixmen t s  a s  p a r t  of the  pro- 
curement s p e c i f i c a t i o n ,  or whether t h i s  func t ion  w i l l  be 
de lega ted  t o  the contractoi? w i t h  t h e  proviso of subsequent 
submission of d e t a i l e d  tes t  p lan  Tor review and/or approval .  

I n  any event,  the  fol lowing f a c t o r s  a r e  a l l  important t o  
t h e  formulat ion of  a r e l f s b i l i t y  demonstration t e s t  plan: 

Hardware I t e m (  s )  - Specify exac t ly  which hardware items 
O T  combinations thereof  a r e  t o  be 
t e s t e d .  Regardless of the tes t  
ob jec t ive ,  mention must  be made o f  
the number o f  u n i t s  t o  be tested.  

Test Schedule - Specify when the  items a r e  t o  be 
t e s t e d  i n  r e l a t i o n s h i p  t o  t he  
program plan .  If the c o n t r a c t o r  i s  
required to develop h i s  own t e s t  
schedule, spec i fy  ( a )  whether or no t  
MSFC approval or r e v i e w  a c t i o n  i s  
required before  proceeding with t h e  

should submit the schedule for MSFC 
a c t i o n .  

+ A C +  
\ r b " V )  2 R d  (b=>  when t h e  c x t r 2 s t n r  
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Test  Design - Sj?cci;"y the t e s t  o b j e c t i v e s  such a s  
a r2emnstrated KTBF and include,  i f  
p o s s i b l e ,  the  expected t e s t  t i m e .  
F o r  s t a t i s t i c a l l y  designed tests, 
;ilci-G.de tlYe 1 f i . 7 - 1  

L G V L J .  G f  zznfidence a n d  
the t e s t  hypothesis .  

Test  Procedures - Specify the d e f i n i t i o n s  of v a l i d  afid 
inva l id  t e s t  da ta ,  t he  environmental 
and oJera t iona1  stresses which a r e  t o  
be IncluCed, the t y p e  of t e s t  monitor- 
ing ;i:iich. w : . I l l  be used and any s p e c i a l  
cons idera t ions  which a r i s e  a s  a r e s u l t  
ol" Ccaigning f o r  r e l i a b i l i t y :  redundant 
c i r c s i t s ,  stand-by opera t ion ,  e t c .  
Tests should be conducted under mission 
envlronrwnts to the  maximum p r a c t i c a l  
e x t e n t .  Se l ec t ion  of n a t u r a l  environ- 
ment:: should conform to Apollo System 
Speclf ica  t ion M-DE 8000.001 and the  
N a t u r a l  Xnvironnent and Physical  
Standards S p e c i f i c a t i o n  14-DE 8020.008. 

Excluded Items - Specify li" any items which normally 
would be included i n  the r e l i a b i l i t y  
demonstration t e s t  a r e  t o  be excluded 
from the t e s t  p lan .  S t a t e  j u s t i f i c a t i o n .  

GFE - Specify the exten t  to which government 
furnished equipment w i l l  be requi red  
for tne conduct of t he  t e s t .  

Pre-Test Summary - Specify i f  the app l i cab le  h i s t o r y  and 
nethods o f  p r i o r  tests a r e  t o  be 
referenced o r  incorporated i n  the 
tes t  p l an .  

It i s  emphasized t h a t  the s p e c i f i c a t i o n  w r i t e r  cannot 
begin t o  write t h i s  s e c t i o n  u n t i l  he has: 

1. Obtained func t iona l  d e s c r i p t i o n  o f  the equipment. 

2 .  Determined the s e l e c t i o n  o f  t e s t  environments and 
t h e i r  s e v e r i t y .  

B-16 



3. 

4. 

.5 

6 .  

In  

Determined a s e t  of' c r i t e r i a  which a r e  mutually 
accepted by the cxstorner and the producer. These 
c r i t e r i a  should s t a t e  the  parameters which a r e  
necessary to a s s w e  s a t i s f a c t o r y  equipment funct ion-  
ing, t he  l i m i t s  nn these parmeters ;  and the methods 
of determining f a i l u r e .  

Determined whether a t e s t  plan w i l l  be s t a t i s t i c a l l y  
o r i en ted  o r  developed along the  l i n e s  o f  a s su r ing  
maximum engineering corzf idence . 
Developed a l t e r n s t i v e  methods for t e s t i n g  i n  the  
event t h a t  the demonstration t e s t  i s  a f a i l u r e .  

Determinec! the  Cegree o f  review and/or approval 
requi red  by Is;S::S Sefore the  t e s t  p lan  i s  implemented 
and the  scheeule  f o r  such a c t i o n .  

the  case that s t a t i s t i c a l l y  designed t e s t  p lans  a r e  
considered, i t  must be em&?asiz:ed 'hat these  t e s t  p lans  
r e q u i r e  dec i s ions  to be made beforehand r e l a t i n g  to the 
degree of risk assumed by the producer a s  w e l l  a s  t he  
customer. The s p e c i f i c e t i o n s  rust provide r u l e s  f o r  
accept ing  or r e j e c t i n g  the claim t h a t  t he  c o n t r a c t  spec- 
3 f i e d  r e l i a b i l i t y  parameters, e .g ., MTBF, has  been v e r i f i e d  
s t a t i s t i c a l l y .  

Other t e s t  procedures are c u r r e n t l y  being developed which 
de-emphasize the ainoulzt of tes-L data  a c c u m l a t i o n  i n  f a v o r  of  
emphasizing the degree ai' znginccr ing corzl'i6ence o r  r e l i a b i l i t y  
assurance vhich i s  e s t ab i i shed  during the  early design and 
development phase. 
t h a t  t he  system, subsystez, and the component has been 
designed i n  such a manner t h a t  f a i l u r e  has been "engineered 
o u t " .  T h i s  cons idera t ion  emphasizes the  design proof t e s t s ,  
t h e  design review,  and t h e  p r e t e s t  a n a l y s i s ,  t he  o f f  l i m i t  
t e s t ,  and t h e  eva lua t ion  o f  s t r e n g t h  var iances .  When us ing  
these  approaches, i t  i s  ir;lportan'c to e s t a b l i s h  d e f i n i t i o n s  
for the  mission cyc le  or the  equiva len t  mission l i f e ,  and, a s  
i n  the previous discussion,  have completely def ined the c r i t e r i a  
f o r  demonstrating the  r e l i a b i l i t y  g o a l ,  

These schemes a r e  based on demonstrating 
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FaTlure Reporting and Corrective Action 

The data problem p-?e-sc;",d by r e l i a b i l i t y  englneer ing 2s 
u s u a l l y  def ined i n  nega t lve  te:--rr,s witn emphasis on t h e  i tems 
tha t  f a i l e d ,  t h e  mode o l  i'ailu;le, t h e  human e r r o r s  involved, 
and t h e  con t ro l  ac t lons  which m . s t  be taken t o  prevent  
recurrence of this mode 02 i'aiI-?li-e. "inis genepal r e l i a b i l i t y  
area may be c a l l e d  the con t ro l  or' r ecu r ren t  Cai lures .  

To be e f f e c t i v e ,  f a i l u r e  recurrence con t ro l  must be 
based on a system of d a t a  c o l l e c t i o n ,  r e p o r t i n g  and a n a l y s i s ,  
which i d e n t i f i e s  and descr ibes  t h e  underlying cause of 
f a i l u r e .  

I n  order  t o  exe rc i se  ei ' fective con t ro l  of failure 
phenomenon, f i v e  program inzredLents are  necessary:  
f a i l u r e  r epor t ing ,  f a l l u r e  a n a l y s i s ,  f a i l u r e  d iagnos is ,  
c o r r e c t i v e  a c t i o n ,  and follow-up. I n  genera l ,  t h e s e  f i v e  
i n g r e d i e n t s  may be considered b y  applying the fol lowing 
eleven 

1. 
2 .  

3 .  
4. 
5. 

6 .  

7 .  
8. 
9. 

10. 

11. 

s t e p s  : 

Observation o f  t h e  f a i l u r e  o r  malfunction. 
Prepara t ion  of t h e  t ros -b le -and-fa i lure  r e p o r t .  
AnalysLs of t h e  f a i l u r e  and i t s  e f f e c t s .  
Assignment of r e spsns ibL l i ty  for c o r r e c t i v e  a c t i o n .  
Prepara t ion  and d i s t r i b u t i o n  of t he  r e l i a b i l i t y  
problen n o t i c e .  
I n v e s t i g a t i o n  of the problem by t h e  cognizant 
a c t i v i t y  followed by a determinat ion of  a 
c o r r e c t i v e  a c t i o n .  
Correc t ive  a c t i o n  review. 
Design and engineer ins  change review. 
Implementation of c o r r e c t l v e  a c t i o n .  
Retes t ing  of t h e  equipment i n  which t r o u b l e  o r i g i n a t e d  
t o  v e r i f y  the adequacy of the  c o r r e c t i o n .  
PreparatPon and d i s t r i b u t i o n  o f  su.mmary r e p o r t  to 
cognizant design groups. 
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Fa i lu re  repor t ing ,  anaiysls  , and co r rec t ion  have cormonly 
been pro-Jided P o r  i n  the p m t ,  and i n  many cases today, i n  

specification. The !:TPC 230-2 and 200-3 ( i n  Sect ions 14 .1  
and 3.13, 3.14, r e spec t ive ly )  present  some of t he  considera- 
t i o n s  of Yailure report-ing. Xore r ecen t ly ,  the  N P C  250-1 

System C o n t r a c t o r s  ) has >?ovided a requirement f o r  f a i l u r e  
r epor t ing ,  a n a l y s i s ,  and co r rec t ion .  

1- b I I c  =, - ,.:grality Assu.rance prov:i.slons s e c t i o n  of' t h e  procurement 

i n  ~ c c t , l o z  3.7 (~eltz>clikg pi-ogi-am l i iovis ions f o p  Space 

A comprehensive sys-t~:.i fo? i'ai'iu.re r epor t ing  r equ i r e s  
that  a l l  p e r t i n e n t  r e l i z -5 i l i t y  ~ E L ~ Z  :Jei?taining to a given 
p a r t  o r  component be recox'.cd 2 . d c q ~ a t e l y  and a c c u r a t e l y  i n  
order t o  f u r n i s h  a means i'3~- problen d e t e c t i o n  and t o  
prevent  " PoTgotten" pro-sle..:;;. In the  i n t e r e s t  o r  t r a c i n g  
Tai lures ,  each P a l l u r e  ;.e.,;art should be unique (have an 
ind-ividual s e r i a l  nui-r:b?~+) 2nd should forward data on only 
one f a i l u r e ,  rather t h a  rx.1-tipie i'a-ilures . Exact d e s c r i p t i o n  
of the p a r t  and /o r  ca::pc~,-iie;-it should be requi red  on the form 
i n  order  t o  provide ?acts Tor  subselquent r e l i a b i l i t y  a n a l y s i s .  
These Pacts inc lude  operat ing time o r  time o f  f a l l u r e ,  type 
of malfunction observed, and re ference  t o  phys ica l  l o c a t i o n  
i n  the  system. 

The follo.ding items a r e  m u a l l y  requi red  on a f a i l u r e  
r e p o r t i n g  data form: 

1. 
2. 
3.  
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

iieport Number 
I n i t i a l  Report Number 
Reporting Contractor 
Work Center or i?c:iartmmt 
System Type, 1402.~L, SeTies 
Sys t en Se r i a l  Nun3er 
Equipne-nt Type,  Kodel Designation, Model amber 
E yir i pme n t S e 1- I a 1 Numb e r 
Fa i led  Item Pay3 Xmber 
Fa i led  Item S e r i a l  Nunber 
Fa i led  Item Name (Noun) 
Fa i led  I t e m  XanuTacturer 
Fa i led  Item Designation 
Next Assembly Part Nurnber 
Next Assembly Ser la l  N i i m ' I v r  

N e x t  Assembly K'ane 
Next Ass ernbly Kanufzcturer 
Next' Assembly Reference Designation 
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19. 
20. 
21. 
22. 
23. 

24. 
25. 

26. 

28. 
29. 
30. 
31. 
32. 
33. 

Replacement Part iL'u.nber 
Replacement S e r i a l  Number 
Svbs ys t em 
Date of  F a i l u r e  

#Operat ional  Usaze zt F a i l u r e  of Renoval 
a .  Tota l  Time/Cycles/I'.Iiles/Calendar Time 
b.  S t a n d b y  o r  Opepation and Environment 
Total Age of I t e n  
A c t i v i t y  d u r i n s  w'nich Fa i led  Item Discovered, e . g . ,  
Cal ib ra t ion ,  Checkout, Countdown, Launch, Pref l ight ,  
e t c .  
I n i t i a l ,  Subsequent, and F i n a l  Dispos i t ion  
a.  Condemned 
b. Repaired 
c .  Found Servlcea3le  
Ef fec t  or" FaLlure 
a. Mission Fa i lu re  
b. Performance, Degradation 
e. No s i g n i f i c a n t  E f f e c t  
Type of F a i l u r e  (primary, secondary) 
Cognizant Action Agency 
Analysis Required (yes - no)  
Nar ra t ive  d e s c r i p t i o n  of trouble (how malfunctioned) 
F a i l u r e  AnalysLs 3eport  Number ( i f '  r e q u i r e d )  
Dispos i t ion  Approval S igna tures  
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The requirements Po:- 2 coc2le te  s e t  of equipment logs 
z r e  s t a t e d  i n  Paragraph 3.10 o f  ?J?C 250-1 a s  fol lows:  

1. 

2 .  

3 .  

4. 

5. 

6. 

7 .  

8 .  

9. 
10. 

11. 

12. 

13. 

Data and time of ent ry  

I d e n t i t y  of  t e s t  or i n spec t ion  

Environments 1 corii5.t ions 

C h a r a c t e r i s t i c s  ’ k i n g  inves t iga t ed  

Parameter measurerents 

Complete i d e n t i f  i ca t io i i  o f  ins t rumenta t ion  used, 
inc luding  s e r i a l  fiurnbcr and c a l i b r a t i o n  da ta  

F a i l u r e  observat ion am5 f a i l u r e  r e p o r t  re fe rence  

Accumulated operat ing tL-:s 

Cumulative nunber of  duty cycles  t o  d a t e  

Deviation fron s p e c i f i c a t i o n s  o r  drawings 

Repair and maintenance record 

Record of pe r t inen t  unusual occurrences involving 
the equipment 

Action tzken t o  have “quick fixes” i n  t e s t  formalized 
a s  design changes 



9) Excluded I t e m  0 
The following e lec?n t s  or" 2 r e l i a b i l i t y  program have been 

excluded from t h i s  rc2or-L due t o  tine l i m i t a t i o n  only :  

2.  Desigii specif ' ic2t ions 

3. 13uma cnz icce r i iq  znd x z i n t a i n a b i l i t y  

4 .  S t x d a r d i z a t i o n  02 des iga  p r a c t i c e  

5 .  P z r t s  and materlris p2ogiqam 

6. R e l i a b i l i t y  evalua'cioii  

7. Documentation of r e l i a b i l i t y  progran: 

(I t  i s  recommended t k t  these items be reviewed and 
d iscussed  for possible Inc lus ion  i n  t h i s  appendix. ) 
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APPENDIX C 

LIST OF SPECIFICATIONS 
RELATING TO RELIABILITY REQUIREMENTS 

This appendix.contains a listing of government and associated 
documents relating to reliability requirements. 
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1. R e l i a b i l i t y  Program Spec i f i ca t ions  

a. NPC-250-1 (NASA) 
b. MIL-R-27542 (1) (USAF) R e l i a b i l i t y  Prosram Requirements f o r  Aero- 

c .  WS-3250 (WEPS) R e l i a b i l i t y  General S p e c i f i c a t i o n  
d.  MSFC-PROC-239 Technical Writing Guide - S p e c i f i c a t i o n s  

R e l i a b i l i t y  Program Requirements 

space-Systems, Subsystems and Equipment 

2 .  R e l i a b i l i t y  i n  Design, Development, and Production of Equipment 
and Subs ys t ems 

a. MIL-R-26474 (USAF) Re l i a b i  li t y Requirements f o r  Product i on 
Ground-Electronic Equipment 

b. MIL-R-27070 (USAF) R e l i a b i l i t y  Requirements f o r  Development 
of Ground E lec t ron ic  Equipment 

c .  MIL-R-27173 (USAF) R e l i a b i l l t y  Requirement f o r  E lec t ron ic  
Ground Checkout Equipment 

d .  MIL-R-26484A (1) (USAF) R e l t a b i l i t y  Requirement f o r  Development of 
E lec t ron ic  Subsystems f o r  Equipment 

e.  MIL-R-55231 (1) R e l i a b i l i t y  Requirement General f o r  
Production Electron-ic Equipment 

f . MIL-R-22256 (WEPS ) R e l i a b i l i t y  Requirement f o r  Design of 
E lec t ron ic  Equipment o r  Systems 

g. MIL-R-22732A (Ships ) R e l i a b i l i t y  Requirement Tor Shipboard and 
Ground E lec t ron tc  Equipment 

3. R e l i a b i l i t y  Organization, Monitoring, Assurance, e t c .  

a. MIL-R-22973 (WEPS ) 

b. MIL-R-26667A ( 2 )  (USAF) R e l i a b i l i t y  Longevity Requirements E lec t ron ic  

C .  MIL-STD-441 (DOD) 
d .  MIL-R-23094A (WEPS) 

R e l i a b i l i t y  Index Determination for Avionic 
Equipment Models, General S p e c i f i c a t i o n  f o r  

Equipment, General S p e c i f i c a t i o n  f o r  
R e l i a b i l i t y  of M i l i t a r y  E lec t ron ic  Equipment 
R e l i a b i l i t y  Assurance f o r  Production Accept- 
ance of Avionic Equipment, General S p e c i f i -  
ca t ion  f o r  

e .  MIL-M-9933 (1) (USAF) Main ta inab i l i t y  and R e l i a b i l i t y  Program 
Qi-itck Reaction 
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f. M I L - R - ~ ~ ~ ~ o  (WEPS) 

6 .  SPEC-BLTN-506 (USAF)  

h .  MIL-STD-721A (DOD) 
i . MIL-STD-756A (DOD) 

RelLabi l i ty  of Production E lec t ron ic  Equipment 
General S p e c i f i c a t i o n  f o r  
R e l i a b i l i t y  Monitoring Program for Use i n  t h e  
Deslgn, Development, and Production of A i r  
Weapon Systems and Support Systems 
Def in i t ion  of  Terms f o r  R e l i a b i l i t y  Engineering 
R e l i a b i l i t y  of Weapons Systems, Procedures f o r  
Predic t ion  and Reporting P red ic t ion  of 

4. D e t a i l  Requirements 

a. Data 

1. MIL-D-9310B ( 2 )  (USAF) 

2 .  MIL-D-9412D ( 2 )  (USAF) 
3. MIL-D-26239A (USAF) 

4. MIL-D-70327A ( 2 )  (DOD) 

b. Design 

1. MIL-STD-439B (1) 
2. MIL-E-4158C (USAF) 

3. MIL-E-5400F (ASG) 

4. MIL-E-8189B (1) (ASG) 

5. MIL-W-9411A ( 2 )  (USAF) 

6. MIL-E-16400E (2 )  (NAVY) 

7 7. MIL-E-19600A (WEPS) 

8. ANA-BLTN-444 

9.  AD-114274 

i n  n n  -1I i0rrL 
I U .  n u - A - t u > > u  

11. AD-148907 

Data f o r  Aeronaut ical  Weapons Systems and 
Support Systems 
Data f o r  Aerospace Ground Equipment (AGE)  
Data Q ,ua l i t a t ive  and Quani ta t ive Personnel 
Requirements Information 
Drawings, Engineering and Associated L i s t  

E lec t ron ic  C i r c u i t s  
E lec t ron ic  Equipment Ground General 
Requirement for 
Electron-ic Equipment, A i r c r a f t  General- 
S p e c i r i c a t i o n  f o r  ( A S G )  
Electron-ic Equipment, Guided Missiles, 
General S p e c i f i c a t i o n  f o r  
Weapon System, Aeronaut ical  General 
S p e c i f i c a t i o n  f o r  
Electronj-c Equipment, Naval Ship and Shore, 
General S p e c i f i c a t i o n  
E lec t ron ic  Modules, A i r c r a f t  General 
Requirements f o r  
E lec t ron ic  Equipment, P i lo t ed  A i r c r a f t ,  
Design C r i t e r i a  for 
R e l i a b i l i t y  Fac tors  f o r  Ground E lec t ron ic  
Equipment 

P red ic t ion  Ground E lec t ron ic  Equipment 
Handbook of Methods of Cooling Air force  
Ground E lec t ron ic  Equipment 

DL4 L L l r r v u v y r r y  1 -nnnkiT U l L U  - m i l  C i ~ 4  UUIUb A n  T 4  Y I I A U Y  n n c  f e r  ? b ~ l i z b i l i t > r  
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c. Environmental Factors 

1. MIL-STD-210A (1) Cl-lmatic Extremes for Military Equipment 
2. MIL-T-152B (1) (DOD) Treatment, Moisture and Fungus-Resistant 

o f  Communications, Electronic, ana 
Associated Electrical Equipment 

3. SPEC-BLTN-1O6A (USAF) General Environmental Criteria for 
Guided Missile Weapon System 

4. SPEC-BLTN-115 (1) (USAF) Environmental Criteria f o r  Ground Support 
Equipment 

5. SPEC-BLTN-523 (USAF) Space Environmental Criteria for Aerospace 
Vehicles 

6 .  MIL-STD-446A Environments for Electronics Parts, 
Tubes and Solid State Devices 

7. M-DE-8000.001 Apoll o System Speci f i cat i on 
8. M-DE-8020.008 Natural Environment and Physical Standards 

Specification 

d.  Equipment Types 

1. MIL-STD-243 Types and Definitions of Models f o r  
Communications-Electronics Equipment 

e. Enclosures 
0 

1. MIL-STD-108D (1) Definitions of and Basic Requirements 
f o r  Enclosures f o r  Electric and 
Zlectron-ic Equipment 

Vibration for use with Electronic 
Equipment in Aircraft 

Equipment, Naval Shipboard 

2. MIL-C-172C-lD (DOD) Cases, EQses, Mounting, and Mounts, 

3. MIL-E-2036C (4) (NAVY) Enclosures f o r  Electric and Electronic 

f. Human Factors 

1. MIL-STD-803 Human Engineering Criteria for Aircraft, 
Missile, and Space Systems, Ground 
Support  Equipment 

2, MIL-H-22174 (WEPS) Human Factors Data f o r  Aircraft and 
Missile Systems 
H1_?ma!-! FngineerZng Req12Lrements fer 
Aerospace Systems and Equipment 
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g. Interference 

1. MIL-E-6051C (USAF) Electrical-Electronic System Compatibility 
and Interference Control Requirements for 
Aeronaut i cal Weapon S ys t em 

Equipment 

and Limits 14 Kilocycles t o  1000 Megacycles 

Aeronautical Equipment 

2. MIL-I-6181D (2) (USAF) Interference Control Requirements Aircraft 

3. MIL-I-16910A (3) (Ships) Interference Measurements Radio, Methods 

4. ~1~-1-26600 (2) (USAF) Interference Control Requirements 

h. Installation 

1. MIL-I-~~OO (ASG) Installation and Test of Electronic 
Equipment in Aircraft, General Specifi- 
cation for 

2. MIL-E-0025366B (USAF) Electric and Electronic Equipment and 
Systems, Guided Missiles, Installation 
o f ,  General-Specification 

i. Maintainability 

1. MIL-M-26512B (USAF) 

2. MIL-S-23603 

Maintainability Requirements for Aerospace 
Systems and Equipment 
Sys tern Readiness/Maintainabi lity, Avionic 
Systems Design, General Specification for 

j. Preservation and Packaging 

1. MIL-P-9024B (USAF)  Packaging, Air Weapon Systems 
Specifications and General Design 
Requirements f o r  

for Shipment Specifications 
2. SPEC-BLTN-56 (USAF) Preservation, Packaging, and Marking 



k. Provisioning 

1. MIL-M-8910 Manuals, Technical, Illustrated Parts 
Breakdown, Preparation of 

2. ~1L-E-17362D (Ships ) Electronic Repair Parts Requirements, 
Procedures for Provisioning Technical 
Documentation and Stock Numbering 

1. Q,uali t y Control 

1. MIL-Q-9858 (2) (DOD) Quality Control System Requirements 
2. NPC-200-2- (NASA) Quality Program Provisions for Space 

3 .  NPC-200-3 (NASA) Inspection System Provisions for 
System Contractors 

Suppliers of Space Materials, Parts, 
Components and Services 

f o r  Fleet Balistic Missile Weapon 
Sys tem Contractors 

4. MIL-Q-21549A (WEPS) Quality Assurance Program Requirements 

m. Reports 

1. MIL-R-18301B (WEPS) Reports, Contractors Engineering for 

2. MIL-R-18136A (2 )  (WEPS) Reports Format and General Requirements 
Aircraft Avionics Equipment 

n. Sampling 

1. MIL-STD-105C 

2. MIL-STD-414 

3. DOD-HDBK-106 

4. DOD- mm-108 

Samplinz Procedures and Tables for 
Inspection by Attributes 
Sampling Procedures and Tables for 
Inspection by Variables for Percent 
Defective 
Mult i -Level Conditions Sampling 
Procedures and Tables f o r  Inspection 
by Attributes 
Sampling Procedures and Tables for 
Life and Reliability Testing 
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0 .  T e s t  Nethods 

1. MIL-STD-~~O Environmental Test  Methods for Aerospace 
and Ground Equipment 

2.  MIL-STD-202 (C) Test Methods for Electronic and E l e c t r i c a l  
Component P a r t s  

3. MIL-T-4807A (USAF) Tes ts ,  Vibra t ion  and Shock, Ground Electro-  
n i c  Equipment, General Requirements f o r  

4. MIL-E-4970A (USAF) Environmental Tes t ing ,  Ground Support 
Equipment, General S p e c i f i c a t i o n s  for 

5. MIL-E-5272C (1) (ASG) Environmental Test ing,  Aeronautical  and 
Associated Equipment, General S p e c i f i c a t i o n  
f o r  

t i o n  for A i r c r a f t  E lec t ron ic  Equipment, 
Format for 

6. MIL-T-18303 (WEPS ) Test Procedures, Preproduction and Inspec- 

7. MIL-STD-781 

p .  Test  Equipment 

1. MIL-STD-415B 

Test Levels and Accept/Reject Criteria 
for R e l i a b i l i t y  of Non-Expendable 
E lec t ron ic  Equipment 

Test p o i n t s  and Test F a c i l i t i e s  Design 
Standard for 

2.  MIL-T-945A ( 2 )  (DOD) Test Equ-ipment f o r  Use with E lec t ron ic  

3. MIL-T-18306A (1) (FJEPS) Test Equipment and Test' Bench Harness 
Equipment, General S p e c i f i c a t i o n  

Requirements for Avionic Equipment and 
Guided Miss i l e  Contractor  

4. MIL-T-21200D (ASG) Test Equipment f o r  U s e  with E lec t ron ic  and 
F i r e  Control Systems General S p e c i f i c a t i o n  
f o r  

q. Test Reports 

1. MIL-T-9107 ( 2 )  (USAF) Test Reports Prepara t ion  of 

r. Tra in ing  

1. MIL-T-4860C (USAF) Trainers Operat ional  Procedure, General 
Requirements f o r  

2 .  MIL-T-26137B (USAF) Tra iners ,  A i r c r a f t  o r  Missile Engine General 
Requirements f o r  

3. MIL-"-27382 (USAF) Trainlng Equipment, Subsystem Technical 
Data, Prepara t ion  of 
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4. MIL-T-26036 

5. MIL-T-27615 

s .  Vibra t ion  

1. MIL-STD-167 

t .  Wiring 

1. MIL-T-713A (3)  (DOD) 

2.  MIL-W-5088B ( ASG) 
3, MIL-W-8160D ( USAF) 

I n s t r u c t i o n s  f o r  Prepara t ion  of Contractor- 
Prepared S p e c i f i c a t i o n s  for Assembly Type 
Ground Support Equipment 
T e s t  Out i ine,  Engineering, i'or the 
Inspec t ion  of Tra in ing  Equipment, 
Requirements for t h e  Prepara t ion  of 

Weight and Balance Data Reporting Forms 
for Guided Missiles 

Twine and Tape, La 
i n  E l e c t r i c a l  and 
Wiring, A i r c r a f t ,  
Wiring, Guided M i s  
General S p e c i f i c a t  

.cing and 
Ele c t r o n i  
Instal la t  
s i l e ,  I n s  
ion  f o r  

Tying f o r  Use 
c Equipment 
ion  of ASG 
t a l l a t i o n  of 
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APPENDIX D 

EXAMPLE OF PLACING RELIABILITY FUZQUIREMENTS 
I N  PROCUREMENT SPECIFICATIONS 

Table D-1 contains  examples of how r e l i a b i l i t y  requirements 
are used c u r r e n t l y  and i l l u s t r a t e s  where t h e y  are placed i n  the 
s p e c i f i c a t i o n .  A comparison was made o f  s p e c i f i c a t i o n s  which 
o r i g i n a t e d  a t  MSFC and seve ra l  con t r ac to r s  (Boeing, 'S&ID, and 
Douglas). The l e f t  index refers t o  elements o f  a r e l i a b i l i t y  
program; the  top  index r e f e r s  to t h e  o r i g i n a t o r  of the  s p e c i f i -  
c a t i o n  and t h e  i t e m  f o r  which the s p e c i f i c a t i o n  appl-ies. 

Table e n t r i e s  such as 3.2.21, r e f e r  t o  t h e  p a r t i c u l a r  
s e c t i o n  of t h e  s p e c i f i c a t i o n  i n  which the requirement i s  s t a t e d .  
The f i r s t  d i g i t  of t h e  e n t r y  I d e n t i f i e s  the  s e c t i o n  of t h e  
s p e c i f i c a t i o n  according t o  the s t a n d a r d  numbering format for 
s p e c i f i c a t i o n s .  For ease  03 r e fe rence  t h i s  s tandard format i s  
repea ted  below: 

1. Scope 
2.  Applicable Documents 
3. Requirements 
4. Qual i ty  Assurance Provisions 
5. Prepara t ion  for Shipment 
6. Notes 
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APPENDIX E 

0 EXAMPLE OF DETAILED RELIABILITY REQUIREMENTS 
ON A COMPARATIVE BASIS 

T a b l e  D-1 i n  t h e  previous appendix (Appendix D )  l i s t s  the  
placement of r e l i a b i l i t y  requirements i n  cu r ren t  procurement spec- 
i f i c a t i o n s .  Some d i f f e r e n c e  i n  coverage was evident  from t h e  var- 
i a t i o n  of e n t r i e s  when d i f f e r e n t  o r i g i n a t o r s  a r e  compared. 

To f u r t h e r  h igh l igh t  t h i s  d i f f e rence ,  Table E-1 compares the 
a c t u a l  e n t r i e s  from s e v e r a l  con t r ac to r  s p e c i f i c a t i o n s  w i t h  the 
e n t r i e s  from a sample MSFC s p e c i f i c a t i o n .  

Table E-1 i s  a more d e t a l l e d  view of the s p e c i f i c  e n t r i e s  of 
T a b l e  D - 1 .  Excerpts f rom each of  four d i f f e r e n t  s p e c i f i c a t i o n s  
(MSFC, Boeing, S&ID, and Douglas) a r e  presented i n  the same o rde r  
as  i n  the  previous t a b l e .  Each excerp t  i s  the a c t u a l  t e x t  of the 
a p p l i c a b l e  r e l i a b i l i t y  requi renent .  

The numbering scheme presented i n  both tables r e f e r s  t o  the 
a c t u a l  paragraph which i s  being re ferenced .  For ease i n  re ference ,  
the s tandard  numbering format' for s p e c i f i c a t i o n s  i s  presented below: 0 

1. 

2. 

3 .  

4. 

5. 

6 .  

Scope 

Applicable Documents 

Requirements 

Qual i ty  Assurance Provis ions 

Prepara t ion  f o r  Shipment 

Notes 
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TABLE E - 1  

DETAILED RELIABILITY CONTENT 

T h i s  t a b l e  conta ins  excerp ts  f r o m  a c t u a l  s p e c i f i c a t i o n s .  The 
arrangement o f  t o p i c s  ( R e l i a b i l i t y  Program Plan, R e l i a b i l i t y  Goal, 
e t c . )  i s  i n  the same o rde r  a s  the l e f t  index of t he  previous t ab le ,  
D-1. The code l e t t e r s  A, B, C, and D are used t o  des igna te  each 
of t h e  following s p e c i f i c a t i o n s :  

CODE O R I G I N A T O R  DOCUD'LENT NO. 

A MSFC 10M01374 Valve, Control, S p e c i f i c a t i o n  f o r  

B Bo e ing 60B51404 Line Assembly, Inboard Engine, GOX 

C NAA MC284-0030A Valve, Vent-Llquid Propel lan t  Tank 

D Doug l a  s 7851859 Valve, Check, Fuel Tank Pressur-  
i z a t i o n  

1. R e l i a b i l i t y  Program Plan 

A )  

c )  3.7.4 R e l i a b i l i t y  Program 

The r e l i a b i l i t y  program o f  t he  va lve  s h a l l  be 
i n  accordance wi th  S p e c i f i c a t i o n  ~ ~ 0 1 1 8 - 0 0 2 ,  
Category 11. 

2 .  R e l i a b i l i t y  Goal 

A )  

B)  3.2.13 R e l i a b i l i t y  

The l i n e  s h a l l  have an inhe ren t  r e l i a b i l i t y  goa l  
o f  .9999343 which s p e c i f i e s  t he  p r o b a b i l i t y  of 
success fu l ly  accomplishing the  c r i t i c a l  func t ion  
during the  2.6 minutes of launch and boost  oper- 
a t i o n  of the S-IC s t a g e .  
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The c r i t i c a l  func t ion  i s  t o  conduct LOX tank 
pressurant  ( G O X )  f l ow without l i n e  rup tu re .  

Successful  accomplishment o f  the  above noted 
c r i t i c a l  func t ion  i s  def ined a s  opera t ion  w i t h i n  
the environmental and performance parameters 
s p e c i f i e d  i n  the  design requirements, Sec t ion  3 J  
o f  t h i s  drawing. 

C )  3.7.2 R e l i a b i l i t y  Q u a n t i t a t i v e  Requirements 

The r e l i a b i l i t y  q u a n t i t a t i v e  requirements s h a l l  
be .9998 f o r  10 minutes i n  f l i g h t  time w i t h  a 
confidence o f  90 percent .  

3. Math Model 

B) 3.2.12 Design Analysis 

The supp l i e r  shall f u r n i s h  the  procuring a c t i v i t y  
a p o s i t i v e  reproducib le  o f  a design a n a l y s i s  f o r  
t h e  l i n e  2 weeks p r i o r  t o  c r i t i c a l  design review. 
The design a n a l y s i s  i s  not  l i m i t e d  to, but s h a l l  
inc lude  the following: 

( a )  ...... 
( b )  ...... 
( c )  ...... 

, ( d )  ...... 
( e )  ...... 
( f )  P robab i l i t y  o f  success  a n a l y s i s  

c )  
D )  -_--__ 
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4. F a i l u r e  Mode and E f f e c t s  Analysis 

a 
A )  

E) 3.2.12 

C )  3.7.4.2 

The supp l i e r  s h a l l  f u r n i s h  the procuring a c t i v i t y  
a p o s i t i v e  reproducible  of a design a n a l y s i s  f o r  
the l i n e  2 weeks p r i o r  t o  c r i t i c a l  design review. 
The design a n a l y s i s  i s  not  l imi t ed  t o  but s h a l l  
include the following: 

( a )  ...... 
( b )  ...... 
( c )  ...... 
( d )  ...... 
( e )  Fa i lu re  mode and e f f e c t  a n a l y s i s  

( f )  ...... 
F a i l u r e  Mode Analysis 

F a i l u r e  mode a n a l y s i s  o f  the  valve s h a l l  be con- 
ducted by the s u p p l i e r  i n  accordance with,Spec-  
i f i c a t i o n  ~~0118-008, Category 11. 

5. Design Review 

B) 6.1 Design Reviews 

Design reviews sha l l  be scheduled and conducted 
a t  appropr ia te  phases o f  t he  s u p p l i e r ' s  design 
development t o  eva lua te  h i s  design progress  i n  
reques t  t o  t he  product requirements.  

The supp l i e r  s h a l l  p a r t i c i p a t e  i n  a design review 
program i n  accordance w i t h  S p e c i f i c a t i o n  ~~0118-003, 
Category 11. 
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6 .  Ser i a l  N o .  and Lot T racab i l i t y  

A )  3.10 

'B) 3.5 

Product Marking 

Product marking s h a l l  be i n  accordance with 
Standard MIL-STD-130. 

Ser ia l iza t ion /Lot  I d e n t i f i c a t i o n  

S e r i a l i z a t i o n  s h a l l  be accomplished t o  d i f f e r -  
e n t i a t e  between l i n e s .  The s u p p l i e r  s h a l l  be 
required t o  provide the procuring a c t i v i t y ,  
documentation of h i s  s e r i a l i z a t i o n / l o t  ident -  
i f i c a t i o n  plan f o r  approval .  I n  the event the 
procuring a c t i v i t y  t akes  except ion t o  the s u p p l i e r s  
s e r i a l i z a t i o n / l o t  i d e n t i f i c a t i o n  plan,  the s u p p l i e r  
w i l l  be so advised and the except ion resolved 
through coordinat ion.  

D )  3.1.9.2 S e r i a l  Number Requirements 

The vendor s h a l l  i d e n t i f y  each a r t i c l e  w i t h  a 
s e r i a l  number using methods of  a p p l i c a t i o n  and 
loca t ion  of  marking per  Paragraph 3.1.9 above. 
These s e r i a l  numbers s h a l l  be r e f l e c t e d  on 
Douglas receiving documents . Configuration 
c o n t r o l  must be es tabl ished by the vendor so 
a s  t o  descr ibe  a s e r i a l  number a s  re leased  i n  
respec t  t o  sequence of manufacture and subsequent 
change or modif icat ion.  

7.  F a i l u r e  Reporting 

A )  4.1 Inspec t ion  System 

The inspec t ion  system s h a l l  be i n  accordance wi th  
NASA Publicat ion NPC 200-3 un les s  o therwise  spec- 
i f i e d  by the procurement document (see 6 .2 ) .  The 
inspec t ion  plan a s  referenced i n  NPC 200-3 s h a l l  
be submitted t o  the  procuring a c t i v i t y  f o r  
approval  when so s p e c i f i e d  by the procurement 
document (see 6 . 2 ) .  

deemed necessary t o  a s su re  supp l i e s  and s e r v i c e s  
conform t o  prescr ibed  requirements.  

The procuring a c t i v i t y  ---------- CLrr  -4-L.C 4 - n  n~vnf'nm q n v i  incnaofinn J . - C D G L V G b J  U l l L  A L b L L U  v u  p + A .  & V A & A A  U A A J  ----=-- ----- 



B) 6.2.5 F a i l u r e  Records 

A l l  f a i l u r e s  occurr ing  during f u n c t i o n a l  and 
acceptance t e s t i n g  and the c o r r e c t i v e  a c t i o n  
taken, s h a l l  be recerded by the  supplier and 
repor ted  t o  t he  procuring a c t i v i t y .  The 
Unplanned Event Record ( U E R )  form ( F i g .  8) o r  
i t s  equivalent  s h a l l  be used f o r  t h i s  purpose. 

8. Documentation 

A )  ------ 
B) 4.3.1.2 Documentation 

The supp l i e r  s h a l l  p r o v i d e  the  procuring 
a c t i v i t y  w i t h  the  proposed t e s t  program i n  
accordance w i t h  3.8 ,  two months i n  advance 
of the tes t  schedule d a t e s  for comment and 
approval.  The t e s t  program s h a l l  inc lude  
the  following: d e t a i l e d  tes t  procedures; 
t e s t  schematics including a l l  ins t rumenta t ion  
and con t ro l  equipment; l i s t  o f  t es t  equip- 
ment including measuring to l e rances ;  name 
and loca t ion  o f  tes t  f a c i l i t i e s  including 
subcontractors ,  i f  a p p l i c a b l e .  Wri t ten 
approval of the t e s t  program s h a l l  be made 
by procuring a c t i v i t y  p r i o r  t o  t es t  i n i t i a -  
t i o n .  

The s u p p l i e r  s h a l l  f u r n i s h  da ta  which s h a l l  
conclusively prove t h a t  the requirements of 
each paragraph o f  Sec t ion  3 have been met. 

The s u p p l i e r  s h a l l  submit monthly s t a t u s  
r e p o r t s  i n  accordance w i t h  3.8 and i d e n t i f i e d  
by a s u p p l i e r  r e p o r t  number which s h a l l  show 
t h e  s t a t u s  of t e s t i n g .  These r e p o r t s  s h a l l  
include the  fol lowing:  progress  a g a i n s t  the 
t e s t  schedules,  g e n e r a l  r e s u l t s  of  accomplished 
t e s t s ,  changes p e r t i n e n t  t o  the tes t  program, 
and scheduling of  subsequent tests. Any 
occurrence tha t  w i l l  have s i g n i f i c a n t  a c t u a l  
or p o t e n t i a l  e f f e c t  on the accomplishment of 
scheduled t e s t i n g  shal l  be r epor t ed  immediat- 
ely t o  the procuring a c t i v i t y .  
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D) 3.1.10 Requirements f o r  Data 

The vendor da ta  a r t i c l e s  which de f ine  the  
requirements f o r  engineer ing drawings and 
a s soc ia t ed  l ists ,  m a t e r i a l s  research  and 
process  engineering da ta ,  and the  r equ i r e -  

. ments f o r  product support  da t a  ( s e r v i c e ,  
spare  p a r t s  l ists ,  t echn ica l  pub l i ca t ions ,  
e t c .  ) a s  appl icable ,  w i l l  be furn ished  w i t h  
t he  purchase o r d e r  or con t rac t  t o  which t h i s  
document i s  app l i ed .  

9 .  R e l i a b i l i t y  Test ing and Test Program 

B) 4.5 

4.5.1 

R e l i a b i l i t y  Tests 

Requirements 

4.5.1.1 Genera 1 

( a )  Three l i n e s  s h a l l  be tested i n  accordance 
wi th  the requirements of t h i s  t e s t .  

(b) The purpose of  t h i s  t es t  i s  t o  determine 
the  margin of s a f e t y  i n  the design and t o  
g a i n  a higher leve l  of confidence i n  the 
component. 

( c )  The s u p p l i e r  s h a l l  provide the procuring 
a c t i v i t y  wi th  two weeks advance n o t i c e  of 
t he  t e s t  schedule d a t e s  i n  o r d e r  t h a t  a 
r e p r e s e n t a t i v e  may be present  i f  the pro- 
cur ing a c t i v i t y  so desires. 

( d )  Acceptance tes ts  s h a l l  be conducted p r i o r  
t o  the  R e l i a b i l i t y  Tests i n  accordance with 
Paragraph 4.4. 
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4.5.1.2 Documentation 

The supp l i e r  s h a l l  provide the procuring 
a c t i v i t y  with d a t a  and report,s i n  accordance 
wi th  Paragraph 4.3.1.2 including t i m e  and 
cyc le  d a t a .  If f a i l u r e  occurs,  the circum- 
s t ances  o f  f a i l u r e  s h a l l  be repor ted .  

4.5.1.3 Mounting 

The l i n e  and i t s  veh ic l e  support ing bracke t ry  
(4.1.1e) and f l i g h t  s e a l s  (Paragraph 6.4) s h a l l  
be i n s t a l l e d  i n  a t es t  f i x t u r e  s imulat ing an 
angular  misalignment, which produces the g r e a t -  
es t  d e f l e c t i o n  of the f l e x i b l e  members (3.2.8).  
The tes t  f i x t u r e  sha l l  balance the end loads .  
Vibra t ion  inputs  s h a l l  be t o  the veh ic l e  
support ing bracke t ry .  

4.5.2 Tests  

( a )  The l i n e  s h a l l  be pressur ized  t o  opera t ing  
pressure,  (3 .2 .4)  w i t h  t he  l i n e  and pres-  
su r i z ing  media s t a b i l i z e d  a t  5 O O O F .  

( b )  The random v i b r a t i o n  o f  0.6 g2/cps a s  one 
inpu t  o v e r  the frequency i n t e r v a l  from 
20-2000 cps i n  each o f  the three mutually 
perpendicular  axes,  i s  opera t ing  l e v e l .  
Begin the t e s t ' a t  opera t ing  l e v e l  +25$ for 
5 minutes i n  each o f  the t h r e e  axes .  Then 
a t  opera t ing  l e v e l  +50$ f o r  5 minutes i n  
each o f  t he  t h r e e  axes .  Then a t  opera t ing  
l e v e l  +75% f o r  5 minutes i n  each of  t h e  
three axes .  Then a t  opera t ing  l e v e l  +loo$ 
f o r  5 minutes i n  each o f  t h e  t h r e e  axes .  

If random v i b r a t i o n  gene ra to r s  a r e  not  a v a i l -  
able t o  reach  the prescr ibed  levels,  then 
l e v e l  c a p a b i l i t y  w i l l  be s t a t e d  and submitted 
f o r  approval.  

( c )  After tes ts  have been completed, and i f  
f a i l u r e  has  not  occurred, the l i n e  s h a l l  
then be tested f o r  leakage by p lac ing  i t  
under water  and pneumatically p re s su r i z ing  
i t  f o r  5 minutes a t  the ad jus t ed  proof 
pressure,  3.2.5. 

E-8 



C) 4.7 

4.7.1 

( d )  Degradation or change i n  performance t h a t  
could i n  any way prevent t he  a r t i c l e  f rom 
meeting the  s p e c i f i e d  requirements s h a l l  
c o n s t i t u t e  a f a i l u r e  and s h a l l  be r epor t ed ,  

( e )  Specimen #2 Test 

I n i t i a t e  t e s t  a t  opera t ing  l e v e l  o f  
f a i l u r e  of specimen #I. Continue u n t i l  
tes t  i s  completed. If f a i l u r e  does not  
occur on second specimen, t h i r d  specimen 
s h a l l  be t e s t e d  a t  the random v i b r a t i o n  
a t  opera t ing  leve l  from 20-2000 cps f o r  
45 minutes i n  e i t h e r  V - V a x i s  o r  
f l i g h t  d i r e c t i o n  a x i s .  

( 2 )  If f a i l u r e  does no t  occur  on specimen 
#l, r epea t  t e s t s  on specimens #2 and 
#3 

R e l i a b i l i t y  Tes ts  

R e l i a b i l i t y  t e s t s  s h a l l  c o n s i s t  o f :  

( a )  Qua l i ty  maintenance t e s t s  

(b) Ultimate stress t e s t s  

Q u a l i t y  Maintenance Tes ts  

4.7.1.1 Test Specimen Se lec t ion  

For new production tes t  specimens, (des igna ted  a s  
specimens number 5, 6, 7, and 8)  s h a l l  be s e l e c t e d  
by S&ID R e l i a b i l i t y  for the q u a l i t y  maintenance 
tests.  These specimens s h a l l  be s e l e c t e d  and the 
tes ts  s h a l l  be performed a t  s p e c i f i e d  i n t e r v a l s  
throughout the  production run.  

4.7.1.2 Test Plan 

The supp l i e r  s h a l l  sub jec t  the t e s t  specimens t o  
the q u a l i t y  maintenance t e s t s  of Table V .  The 
performance and e l e c t r i c a l  tests of Paragraphs 
4.8.3.3, 4.8.3.5, 4.8.4.1, and 4 .8 .4 .3  s h a l l  be 
performed a t  room ambient cond i t ions  48 hours 
p r i o r  t o  the s t a r t  of any environmental t es t  
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ind ica ted  i n  Table V. The f i r s t  specimen 
se l ec t ed  f o r  q u a l i t y  maintenance t e s t s  s h a l l  
be t e s t e d  a s  s p e c i f i e d  f o r  specimen number 6 
i n  Table V .  The o r d e r  sha l l  be maintained 
u n t i l  a l l  t e s t  sequences f o r  a l l  t es t  specimens 
a r e  completed. 

TABLE V 

QUALITY MAINTENANCE TESTS 

NAME OF TEST PARAGRAPH 
NUMBER 

SPECIMEN NUMBER 
5 6 7 B* 
TEST SEQUENCE 

Acceptance tes ts  
Humidity t es t  
Shock t e s t  (mechanical 
Explosion proof t es t  
S a l t  Spray test 
High temperature t e s t  
L o w  temperature t es t  

Vib ra t ion  tes t  
Accelerat ion tes t  
Cycling tes t  

0 Thermal shock t e s t  

4.6.1 
4.8.6 
4.8.7 
4.8.8 
4.8.5 
4.8.9 
4.8.11 
4.8.10 
4.8.12 
4.8.13 
4.8.14 

1 1 1 1  
2 4 5  
3 5 6  
4 6 7  
5 7 8  
6 8 9  
7 9 2  
8 2 3  
9 3 4  
10 10 10 2 
11 11 11 3 

NOTE: Each specimen s h a l l  be subjected to t he  t e s t s  i n  the o r d e r  
i nd ica t ed  by the numerals i n  the corresponding columns. 
* Specimen number 8 s h a l l  undergo the  cyc l ing  tes t  of 4.8.14 f o r  
a t o t a l  o f  60 cyc le s .  

4.7.2 Ultimate S t r e s s  Tests 

4.7.2.1 Test Plan 

The supp l i e r  s h a l l  sub jec t  t he  q u a l i t y  maintenance 
t e s t  specimens t o  the u l t i m a t e  stress t e s t s  shown 
i n  'i'abie v i  a f t e r  compietioIi uL' iiie yircalltj; mi;- 
tenance t e s t s  of Table V.  Before t he  u l t i m a t e  
s t r e s s  t es t s  and a f t e r  each tes t  l e v e l ,  a s  shown 
i n  Table V I ,  t he  specimens s h a l l  be subjec ted  t o  
the performance and e l e c t r i c a l  t e s t s  of Paragraphs 
4.8.3.3, 4.8.3.5, 4.8.4.1, and 4.8.4.3. 
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TABLE V I  

ULTIMATE STRESS TESTS 

Specimen 
Number T e s t  Paragraph INCREMENTAL INCREASES 

Spec. Spec. 
+20$ +40$ 

Number 

1. 
2.  
3. 
4.  

Vibra t ion  frequency cycl ing 4.8.12.3 
Vibra t ion  [frequency cycling1 4.8.12.3 
Vibra t ion  frequency cycl ing 4.8.12.3 
Vibra t ion  [frequency cycling1 4.8.12.3 

x 

X 
X 

X 

NOTE: The v i b r a t i o n  tes ts  o f  Table V I  s h a l l  be run a t  -100 degrees  F 
only, wi th  4 frequency cyc le s  i n  each a x i s .  
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LIST OF DEFINITIONS 

Component - A combination of parts which cannot be disassembled 
in the field without invalidating functional integrity. Examples: 
valve, relay, actuator, gyro, turbopump, and accelerometer. 

Critical Items List - A listing of vehicle/complex components whose 
failure results in the probability of vehicle/complex loss. 

Criticality Rankinq - The numerical product of the system l o s s  pro- 
bability for a componentls applicable failure mode, the component 
failure mode frequency ratio and the items unreliability associated 
with the critical failure mode (or modes). 

Design Review - A progressive review, starting after the design 
study and continuing through the prototype stage. Provides an 
assessment of reliability and reliability trends by use of 
applicable tests and prediction techniques. 

Documentation - Information that is generated to record data required 
for control of design, production, procurement, maintenance, and 
supply of material, e .g ., drawings, specifications, handbooks, man- 
uals, etc. 

Type I Documentation - Documentation requiring NASA approval, 

Type I1 Documentation - Documentation required for coordination, 
surveillance, and information. 

Type I11 Documentation - Defined as the documentation requiring 
preparation and retention by the contractor, being made avail- 
able to authorized representatives o f  the NASA for review, upon 
request. 

Engineering Confidence - Engineering confidence is that confidence, 
established through the qualitative analysis and evaluation of 
design, design parameters, fabrication. 



LIST OF DEFINITIONS C O N ' T  

F a i l u r e  - A f a i l u r e  i s  unsa t i s f ac to ry  equipment performance a s  
determined by judgment o r  performance measurement, where i t  i s  
implied t h a t  performance i s  ou t s ide  proper  ope ra t iona l  spec i f  i c a -  
t i o n  l i m i t s .  F a i l u r e  must be defined i n  detai l  f o r  each s p e c i f i c  
a n a l y s i s .  

F a i l u r e  Mode and Ef fec t  Analysis - An a n a l y s i s  of poss ib l e  modes 
of f a i l u r e ,  t h e i r  cause, e f f e c t s ,  expected frequency of occurrence 
and means of e l imina t ion .  

F a i l u r e  Reporting and Correct ive Action - A systematic  and compre- 
hensive method of r epor t ing  a l l  f a i l u r e s  and a plan f o r  implementing 
c o r r e c t i v e  a c t i o n  a s  a r e s u l t  o f  t hese  f a i l u r e s .  

F a i l u r e  Analysis - The study of a s p e c i f i c  ' f a i l u r e 1  t o  determine the 
circumstances which caused the f a i l u r e ,  and t o  a r r i v e  a t  a course of 
c o r r e c t i v e  a c t i o n  t o  prevent recurrence.  

F a i l u r e  Mode - The manner i n  which hardware ( such  a s  'assembly', 
'component 1 ,  o r  ' p i ece  p a r t  I ) f a i l s .  0 
I n t e r f a c e  - The phys ica l  and func t iona l  i n t e r a c t i o n  between two 
' p i ece  p a r t s ' ,  'components1, 'subsystems1, Isystems' ,  o r  any mode 
of  con tac t  between two o r  more elements, inc luding  the crew, during 
any ope ra t ion  of a system. 

K Fac to r  - A K f a c t o r  i s  an adjustment of d a t a  expressed i n  a 
m u l t i p l i c a t i v e  form. 

Milestones - Any s i g n i f i c a n t  event i n  the design and development of 
a space system o r  i n  the  a s soc ia t ed  r e l i a b i l i t y  program which i s  
used a s  a- c o n t r o l  po in t  f o r  measurement o f  progress-and e f f e c t i v e n e s s  
o r  f o r  planning o r  r e d i r e c t i n g  f u t u r e  e f f o r t .  R e l i a b i l i t y  program 
mi les tones  should be i d e n t i f i e d  i n  the  R e l i a b i l i t y  Program Plan. 

Monitoring - The con t inua l  checking of a r e l i a b i l i t y  program t o  
i n s u r e  t h a t  a l l  phases of the program are  s a t i s f a c t o r i l y  implemented 
- n A  h nn n n n 4 - 4  n - i n A  thrmirahniif. L t g  d1>.P3 on ~ 
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LIST OF DEFINITIONS CON'T 

- Par t  - A p a r t  i s  an  item of equipment, u s u a l l y  thought of as small  
and purchased from a vendor, which i s  normally replaced ra ther  than 
repaired when i t  f a i l s .  

Performance - Performance i s  a gene ra l  term app l i ed  t o  the output  
of any i tem o r  equipment. 

Primary F a i l u r e  - F a i l u r e  which occurs  by chance i n  an  acc iden ta l ,  
ca sua l  o r  haphazard manner. 

Q u a l i t y  Assurance - A planned and systematic  p a t t e r n  of  a l l  a c t i o n s  
necessary t o  provide adequate confidence that  the end i tems w i l l  
perform s a t i s f a c t o r i l y  i n  a c t u a l  ope ra t ions .  

R e l i a b i l i t y  - R e l i a b i l i t y  i s  the p r o b a b i l i t y  t h a t  a system w i l l  
perform s a t i s f a c t o r i l y  f o r  a t  least  a given per iod of t i m e  when 
used under s t a t e d  condi t ions .  

R e l i a b i l i t y  Apportionment - The assignment (by d e r i v a t i o n  from the 
c o n t r a c t u a l  r e l i a b i l i t y  requirement) of r e l i a b i l i t y  g o a l s  t o  systems, 
subsystems and components within a space system which w i l l  r e s u l t  i n  
meeting the o v e r a l l  con t r ac tua l  r e l i a b i l i t y  requirement f o r  the 
space system i f  each of  t hese  g o a l s  i s  a t t a i n e d .  

R e l i a b i l i t y  Assessment - An a n a l y t i c a l  determinat ion of numerical 
r e l i a b i l i t y  of a system o r  por t ion  the reo f .  Such assessments 
u s u a l l y  employ mathematical modeling, use  of d i r e c t l y  a p p l i c a b l e  
r e s u l t s  of  tests on system hardware, and some use  of es t imated  
r e l i a b i l i t y  f i g u r e s .  

R e l i a b i l i t y  Demonstration - S t a t i s t i c a l l y  designed t e s t i n g ,  w i t h  
s p e c i f i e d  confidence level ,  t o  demonstrate t h a t  a n  item meets the 
established r e l i a b i l i t y  requirement. 

R e l i a b i l i t y  Element - That por t ion  of a r e l i a b i l i t y  program that 
p e r t a i n s  t o  a single phase of  the r e l i a b i l i t y  program. 



LIST OF DEFINITIONS CON'T 

R e l i a b i l i t y  Goal  - A r e l i a b i l i t y  g o a l  i s  a preset r e l i a b i l i t y  
o b j e c t i v e  determined. by program management from a cons idera t ion  
of ope ra t iona l  needs, s t a t e -o f - the  a r t  c a p a b i l i t y ,  cos t ,  t i m e ,  
e tc .  The g o a l  can be a minimum acceptab le  l e v e l ,  an  expected 
program accomplishment, o r  a n  i d e a l i s t i c  t a r g e t .  

R e l i a b i l i t y  Model - A r e l i a b i l i t y  model i s  a mathematical r e l a t i o n -  
s h i p  i n  formula o r  p i c t o r i a l  form which expresses  the i n t e r r e l a t i o n -  
sh ip  between a system f a i l u r e  p a t t e r n  and those of subdiv is ions  of 
t he  system. I n  p lace  of subdivis ions,  one could a l s o  use f a i l u r e  
modes o r  mechanisms, or both.  

R e l i a b i l i t y  P red ic t ion  - An a n a l y t i c a l  p r e d i c t i o n  of numerical 
r e l i a b i l i t y  of a system o r  por t ion  thereof  s i m i l a r  t o  a r e l i a b i l i t y  
assessment except tha t  the p red ic t ion  i s  normally made i n  the 
e a r l i e r  design s t a g e s  where very l i t t l e  d i r e c t l y  a p p l i c a b l e  test 
da t a  i s  a v a i l a b l e .  

R e l i a b i l i t y  Program Plan - A document that  d e t a i l s  the approach 
and s tepwise procedure by which  a c o n t r a c t o r  shows h i s  i n t e n t  of 
compliance wi th  the r e l i a b i l i t y  provis ions  of  the c o n t r a c t .  0 
R e l i a b i l i t y  S p e c i f i c a t i o n  - A r e l i a b i l i t y  s p e c i f i c a t i o n  i s  a s t a t e -  
ment of r e l i a b i l i t y  l e v e l s  which must be achieved. Such s p e c i f i c a -  
t i o n s  can occur  i n - c o n t r a c t s  o r  i n  p r o j e c t  plans,  o r  both.- 

Secondary F a i l u r e  - F a i l u r e  due t o  the f a i l u r e  o r  malfunction of 
ano the r  i t e m .  Secondary f a i l u r e  i s  one which occurs  a s  a by-product 
of an independent f a i l u r e .  

Subsystem - A combination o f  ' p i ece  p a r t s ' ,  'components1, and 
' assembl ies '  jo ined  toge the r  t o  perform a s p e c i f i c  func t ion  wi th in  
a ' s tage ' ,  lmodulel, I U ,  o r  LES. 

System - Any combination of lpiece par t s  I ,  'components I ,  'assemblies 
and 'subsystems1 joined toge the r  t o  perform s p e c i f i c  ope ra t ions  o r  
func t ions .  
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